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INTRODUCTION 


OBJECTIVES 

Tho  objective  of  this  volume  is  to  present  a full  characterization  of 
the  five  Marine  Sanitary  Devices  (MSDs)  which  were  hybridized  to  form  the 
subsystems  of  the  18  candidate  Wastewater  Management  System  (WMS)  con- 
figurations included  in  this  study.  The  purpose  of  this  characterization  is 
to  develop  the  various  types  of  generic  MSD  data  necessary  for  the  follow- 
ing phases  of  this  study: 

. Development  of  the  18  candidate  WMS  concepts  and  the  cor- 
responding configurations  suitable  for  each  vessel  included  in 
this  study,  as  well  as  tho  associated  installation  requirements. 

. Quantification  of  the  effectiveness  of  each  viable  candidate 
system/vessel  combination. 

. Development  of  life  cycle  cost  estimates  for  each  viable 
candidate  system/vassel  combination. 

In  order  to  fulfill  this  objective  it  is  necessary  that  all  MSD  data 
be  presented  on  a subsystem  level  (as  opposed  to  the  overall  MSD  system 
level)  corresponding  to  the  manner  in  which  the  MSDs  were  hybridized 
to  form  the  WMS  candidates  for  managing  tho  black  (sewage  and  garbage 
grinder  slurry)  and  gray  (galley  and  turbid)  wastewaters  aboard  the  six 
U.S.  Coast  Guard  vessels  included  in  this  study.  Generally,  each  MSD 
needs  to  be  viewed  as  consisting  of  two  major  subsystems  namely,  the 
waste  Collection/Transport  subsystem  and  the  waste  Treatment/Disposal 
subsystem  MSDs  whose  Treatment/Disposal  subsystems  consist  of 
waste  treatment  equipment  and  an  incinerator  to  dispose  of  the 
residues  of  such  waste  treatment  (Chrysler  and  Grumman  MSDs),  need 
to  be  further  brokon  down  for  purposes  of  this  study  into  two  separate 
subsystems,  in  order  to  fulfill  the  data  requirements  of  the  WMS  concepts 
which  consider  the  substitution  of  a holding  tank  for  the  incinerator. 
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In  addition,  MSD  subsystem  data  are  required  for  the  different  equipment 
sizes  and  model  types  available  from  the  manufacturers,  in  order  to 
facilitate  the  development  of  the  moat  suitable  WMS  configuration  for 
each  vessel. 

The  specific  types  of  MSD  data  required  on  a subsystem  level  include 
the  following: 

. MSD  description,  including  the  following: 

. . Principle  of  operation 

. . Method  of  implementing  principle  of  operation 
..  Physical  characteristics  including: 

- Weights 

- Volumes 

- Dimensions  (including  maximum  height) 

- Pipe  connection  specifications 

Vessel  resource  hook  up  requirements  (e.g.,  fuel, 
electric  power,  fresh  water,  compressed  air,  cooling 
water,  ventilation,  and  ambient  air). 

The  above  information  is  required  for  the  development  of  the 
candidate  WMS  concepts  and  the  specific  WMS  configurations 
suitable  for  each  vessel  Included  In  this  study,  as  well  as  the 
associated  Installation  requirements  (see  Volume  IV). 

. MSD  related  effectiveness  attribute  data,  including  the  follow- 
ing types  of  information: 

. . Installation  characteristics 
. . Performance  characteristics 
. . Operability  characteristics 
. . Personnel  safety  characteristics 
. . Habitability  characteristics 
. . Reliability  characteristics 
. . Maintainability  characteristics 
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Tho  above  information,  in  combination  with  other  types  of  information, 
is  required  as  input  to  the  effectiveness  rating  functions  which,  in  turn, 
is  used  to  quantify  the  effectiveness  of  every  viable  candidate  system 
vessel  combination  (see  Volume  II). 

. MSD  costs,  including  the  following: 

. . Acquisition  (including  initial  spares  parts) 

. . Operation  and  maintenance,  including  the  following: 

- Consumables 

- Repair  parts 

- Labor  (number  of  men,  man-hours,  skills,  frequency  of  tasks) 

- Vessel  resources  (fuel,  electric  power,  fresh  water, 
compressed  air,  etc.) 

. . MSD  installation  costs  are  not  considered  in  this  volume. 
Instead,  installation  data  for  each  viable  candidate  WMS 
for  each  vessel  is  presented  in  Volume  III  of  this  report. 

The  above  information  is  required  as  input  to  the  development  of  life 
cycle  cost  estimates  for  each  viable  candidate  system/vessel  com-  * 
bination  (see  Volume  I). 

SCOPE  OF  MSD  ANALYSIS 

The  MSDs  to  be  included  in  this  study  were  specified  by  the  U.S. 

Coast  Guard.  The  selection  of  specific  MSDs  was  based  on  two  considera- 
tions. First,  inclusions  of  representatives  of  the  different  MSD  concepts 
currently  in  use  or  under  evaluation  namely,  reduced  volume  vacuum  and 
pumped  collection;  recirculation;  flow  through;  and  CHT  (collection, 
holding  and  transfer).  Second,  inclusion  of  a representative  from  each 
of  the  above  concepts  which  has  the  most  extensive  history  of  actual  use  and/ 
or  development  and  testing. 
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MSDs  Considered 
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The  five  MSDs  that  were  included  in  this  study  were  far  enough  along 
in  their  development  to  be  seriously  considered  for  Installation  aboard 
operational  vessels.  In  order  to  accommodate  the  need  for  systems  of 
various  capacities  for  which  the  cited  MSDs  are  not  particularly  appropriate, 
other  selected  sizes  and  types  of  equipment  from  the  same  manufacturers 
were  included,  even  though  the  development  or  testing  was  not  as  extensive 
as  for  the  MSDs  originally  selected,  in  order  to  qualify  for  inclusion  in  this 
study,  different  sizes  and  models  of  MSD  subsystems  had  to  satisfy  at 
least  one  of  the  following  requirements. 

. Be  operational 

. Be  fabricated 

. Be  designed  (catalog  item) 

. Be  technically  supported  or  endorsed  by  the  manufacturer 

The  following  five  MSDs  were  considered  for  this  study: 

. JERED  reduced  volume  vacuum  flush  collection/inctneratlon, 

Model  V85003  as  installed  on  the  USS  Kraus  (DD  848).  For 
reduced  capacity  requirements,  Jered's  Small  Boat  Sewage 
Collection  System  was  considered. 

. GATX  reduced  volume  flush  pumped  transfer  collection/evapora- 
tion, as  installed  on  the  Navy  service  craft  MONOB  (YAG-61). 

For  reduced  capacity  requirements,  smaller  evaporators  which  are 
catalog  items  from  the  evaporator  supplier,  but  which  have  not 
yet  had  the  GATX  modifications  designed  for  them,  were  considered. 

. Chrysler  recirculating  oil  full  volume  flush  collection/incinera- 
tion, Aqua- Sans  Models  A,  A/B  and  B,  plus  waste  Holding  Tank 
and  Incinerator  for  Model  C . 
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. Grumman  flow  through/incineration,  modified  version  of  prototype 
installed  on  USCGC  Red  Beech  (WLM-686).  The  major  modification 
is  the  substitution  of  a Thiokol  Corporation  incinerator  subsystem  in 
place  of  the  Grumman  incinerator.  Other  modifications  are  described 
further  (see  Grumman  System  Description)  and  in  Volume  IV. 

. Collection,  Holding  and  Transfer  (CHT)  system.  The  CHT  System  is 
not  proprietary  to  any  one  manufacturer,  and  is  generally  custom 
fitted  in  each  Installation.  Therefore,  tank  sizes,  pumps  and  mis- 
cellaneous functions  are  generalized  in  this  document. 

Candidate  Wastewater  Management  Systems  Considered 

The  manner  in  which  the  above  MSDs  were  hybridized  to  form  the 
18  candidate  Wastewater  Management  System  (WMS)  concepts  is  indicated  in 
Figure  1.  The  specific  MSD  equipments  used  as  the  building  blocks  for 
synthesizing  each  viable  candidate  WMS  configuration  which  is  suitable  for 
handling  black  and  gray  wastewaters  on  board  each  of  the  six  vessels  included 
in  this  study  are  indicated  in  Table  1 . The  holding  tank  capacities  indicated 
reflect  the  results  of  shipchecks  and  are  necessarily  those  required  to  fulfill 
the  holding  time  requirements.  The  Indicated  percentages  for  black  and  gray 
wastewater  holding  times  indicate  the  percentages  of  the  required  black  and 
gray  wastewater  holding  tank  capacities  which  could  be  fitted  on  the  vessel 
due  to  space  restrictions. 

Limitations 

The  MSD  analysis  procedures  used  to  develop  the  data  in  this  document 
are  considered  to  be  fairly  general,  and  applicable  for  study  purposes  of  this 
type.  However,  the  data  presented  in  this  document  has  been  developed 
specifically  for  use  as  Inputs  to  the  cost  and  effectiveness  analyses  of  the 
WMS  candidates  Included  in  this  study,  and  are  subject  to  the  stated  assump- 
tions and  limitations. 


Figure  1 

CONCEPTS  FOR  SHIPBOARD  BLACK  AND  GRAY  WASTEWATERS 


Table  1 

WMS  EQUIPMENT  REQUIREMENTS 
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It  is  noted  that  most  of  the  data  presented  in  this  document 
have  not  been  validated  due  to  the  lack  of  extensive  usage  of  these  MSDs. 
(especially  the  different  models  considered  here)  in  marine  environments. 

Unit  and  parts  costs  were  obtained  from  manufacture  s whenever  possible. 

Other  types  of  data,  Including  equipment  failure  rates,  some  of  the  operating  and 
maintenance  activity  times,  and  effectiveness  attribute  data  (safety, 
habitability,  reliability,  etc.)  represent  estimates  and  Judgments  by 
Bradford  personnel. 

Although  an  attempt  was  made  to  present  all  MSDs  at  the  same  level 
of  detail,  those  MSDs  which  have  been  longest  In  service  may,  unfortunately, 
be  analyzed  at  a greater  level  of  detail.  There  is  also  a tendency  to 
inadvertently  penalize  a MSD  having  the  most  detailed  Operation  and 
Maintenance  manual  by  including  a disproportionate  number  of  activities 
compared  to  an  MSD  for  which  there  is  a dearth  of  information. 

As  a result  of  the  above  limitations,  caution  is  advised  in  attempting 
to  use  this  data  directly  for  systems  and/or  vessels  specifically  included 
In  this  study. 

ASSUMPTIONS 

A number  of  assumptions  and  Coast  Guard  guidelines  were  used  in 
the  course  of  developing  the  MSD  data  presented  in  this  volume.  Most  of 
these  assumptions  and  guidelines  peitain  to  the  operation  and  maintenance  of 
the  MSDs  included  in  this  study  and  are  presented  be^ow. 

Maintenance  Policy 

The  maintenance  analysis  of  the  MSDs  included  in  this  study  was 
governed  by  the  following  two  U.S,  Coast  Guard  guidelines: 

. To  the  extent  possible,  all  MSD  maintenance,  including  overhauls, 
would  be  performed  at  dockside  (at  the  vessel's  home  port)  by 
vessel  personnel  while  on  board  the  vessel  (as  opposed  to  main- 
tenance in  a shipyard). 
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. To  the  extent  possible,  repair  of  equipment  is  preferred  to 
replacement  (with  subsequent  repair  in  a depot  or  by  the 
manufacturer) , 

The  above  guidelines  served  as  the  basis  for  defining  the  level  at 
which  the  MSD  maintenance  analysis  should  be  conducted,  as  well  as  the 
type  of  maintenance  activities  to  be  included.  Although  it  was  attempted 
to  accommodate  the  above  guidelines  by  including  maintenance  activities 
which  deal  with  repairs  which  could  reasonably  be  accomplished  by  vessel 
personnel,  the  determination  of  the  level  of  repair  (as  well  as  which 
repairs  to  include)  remains  somewhat  arbitrary  and  is  a matter  of  judgement 
by  the  analyst. 

Overhaul  Intervals 

Definitive  overhaul  policies  could  not  be  obtained  from  all  MSD 
manufacturers.  As  a result,  an  interval  of  two  years  between  overhauls  was 
assumed  for  purposes  of  estimating  MSD  (life  cycle)  overhaul  costs. 

Cost  of  Labor 

Personnel  aboard  U.S.  Coast  Guard  vessels  are  in  principle  available 
for  duty  while  on  board  and  are  not  paid  on  an  hourly  basis  or  on  the  basis 
of  specific  equipments  which  they  operate  and  maintain.  However,  in  order 
to  estimate  the  share  of  the  vessel's  manpower  resources  which  would  be 
consumed  by  the  MSD  when  installed  on  such  vessels,  it  is  convenient 
to  have  an  hourly  labor  rate  for  different  skill  levels  of  Coast  Guard 
shipboard  personnel.  Such  hourly  labor  rates  can  then  be  readily  related 
to  MSD  operating  and  maintenance  task  requirements. 

Since  hourly  labor  rates  are  not  readily  available  for  Coast  Guard 
personnel,  such  labor  rates  were  developed  for  purposes  of  this  study  on 
the  basis  of  available  data  on  Coast  Guard  personnel  qualifications  and 
annual  billet  costs.  In  lieu  of  regularly  defined  work  schedules  which 
are  not  available  for  Coast  Guard  shipboard  personnel,  an  eight  hour  day, 
five  days  per  week,  work  schedule  was  assumed  for  purposes  of  this  study. 


yielding  2,  080  work  hours  per  year.  Hourly  labor  rates  were  then  obtained 
by  dividing  the  annual  billet  cost  for  a given  skill  level  by  2080  (see  page  18, 
APPROACH).  Estimates  of  labor  costs  were  based  on  skill  requirements  for 
MSD  operation  and  maintenance,  rather  than  on  personnel  skill  availabili- 
ties on  board  a given  vessel. 

Cost  of  Vessel  Resources 

Although  resources  available  aboard  a vessel  already  exist  to  support 
other  functions  and  are  generally  not  installed  for  the  sole  purpose  of  support- 
ing an  MSD,  it  is  nevertheless  important  to  estimate  the  cost  of  such  resources 
which  would  be  attributable  to  an  MSD  when  installed  on  board  the  vessel.  Another 
reason  for  estimating  these  resource  requirements  is  that  such  an 
estimate  will  help  determine  whether  an  MSD  installation  would  strain 
vessel  resources  and  perhaps  require  upgrading  of  the  available  storage  or 
generation  capacity.  Furthermore,  it  is  noted  that,  except  for  fresh  water 
which  is  stored  on  board  some  vessels  (as  opposed  to  generating  it  by 
an  evaporator),  all  vessel  resources  derive  from  conversion  of  fuel  (see 
Appendix  B for  derivations),  and  hence  constitute  a direct  cost 
item. 

For  purposes  of  this  study  the  cost  of  vessel  resources  is  assumed 
to  be  as  follows: 

. 3 9 ^/gallon  of  fuel  oil 

, 3$Awh  of  electric  power 

. 70<r/1000  gallons  of  fresh  water,  if  taken  from  shore  supply 

. $20/1000  gallons  (2£/gallon)  of  fresh  water,  if  generated  on  board 

vessel  by  an  evaporator 

. 1.83<£/1000  gallons  for  the  cost  of  electric  power  to  pump 

flushing  fluid 

n.  i 419 

. [6.1227  (14.7  + p)  -8.9898]  [V]  is  the  annual  cost  of 

compressed  air  In  cents,  where  p Is  pressure  in  psig  and  V is 
the  flow  In  standard  cubic  feet  per  day. 
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Miscellaneous 


The  following  additional  assumptions  were  mado,  affecting  the  cost 
of  MSD  operation  and  maintenance: 

. The  cost  of  lubricating  oil  and  grease  is  assumed  to  be  negligible 
with  the  differential  costs  between  MSDs  to  be  insignificant, 

. The  standard  and  high  wattage  heating  elements  in  all  sizes  of 
GATX  evaporators  are  assumed  to  be  equal  in  cost  to  the  standard 
heaters  in  the  currently  used  80  gallon  evaporator.  End  connec- 
tions of  heating  elements  are  a significant  portion  of  the  element 
cost  and  Is  fairly  constant  for  all  wattages  used.  This  tends  to 
minimize  cost  variations . 

. Grumman  MSDs  are  assumed  to  have  the  same  operating  and 
maintenance  characteristics  and  costs  regardless  of  the  type  of 
waste  input,  i,e«,  combined  black  and  gray,  standard  flush  black 
water  or  gray  water  only.  Variations  due  to  differences  of  influent 
flow  rate  will  be  accounted  for  later  on  in  the  utilization  factor 
applicable  to  a given  vessel  (see  Volume  1).  Variations  due  to 
type  of  waste  are  too  difficult  and  uncertain  to  ascertain  and 
are  therefore  ignored . 

. Electrical  and  electronic  controls  and  the  electrical  portions  of 
motors  and  solenoid  valves  are  assumed  to  warrant  corrective 
maintenance  only,  i.e.»  they  are  always  run  to  failure, 

Preventive  maintenance  is  considered  generally  impossible  or 
Impractical  on  board  the  vessel  for  these  items.  Replacement 
or  repair  during  overhaul  will  not  be  performed  as  h preventive 
measure  but  will  be  done  for  those  devices  that  have  exhibited 
intermittent  or  temporary  failures. 

, The  timeB  specified  for  maintenance  are  intrinsic  repair  times 
and  do  not  include  logistic  delay  times  such  as  the  time  to 
gather  tools,  draw  parts  from  stock,  extensive  cleanup,  parts 
ordering,  or  time  to  get  to  the  compartment  in  which  the  equip- 
ment is  located. 
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Corrective  maintenance  includes  diagnostic  time  to  detect  and 
isolate  a fault  as  well  as  checkout  time  after  repair. 

Equipment  in  parallel,  e.g.,  dual/redundant  pumps,  are  assumed 
to  wear  or  fail  at  equal  rates. 

Where  multiple  units  are  involved,  e.g.,  commodes,  parallel 
pumps,  multiples  of  relays,  operation  (OP)  preventive  mainte- 
nance (PM)  and  overhaul  (OH)  apply  to  all  units.  Corrective 
maintenance  (CM)  is  assumed  to  apply  only  to  the  one  unit 
that  failed. 

Where  multiple  items  are  involved,  the  failure  rate  of  a single 
item  (as  well  as  the  number  of  spare  parts  used  and  costs  thereof) 
is  multiplied  by  the  number  of  multiple  units  . 

Where  a number  of  corrective  maintenance  actions  are  listed  for 
a component  and  preparative  time,  i.e.,  isolation,  disassembly, 
drainage,  etc.  is  required  for  any  of  the  actions,  then  the  prepara- 
tive time  is  included  for  each  action.  For  preventative  mainte- 
nance and  overhaul,  the  preparative  time  is  included  only  once, 
regardless  of  the  number  of  actions  subsequently  taken. 

The  pressure  generated  by  a pump  that  supplies  flush  fluid  is 
assumed  to  be  50  psig  on  all  vessels.  For  pumping  other  liquids, 
the  pressure  used  for  calculation  is  the  known  pressure  require- 
ment. If  not  known,  50  psig  is  generally  assumed. 

The  pressure  used  for  calculating  compressed  air  power  or  costs 
is  that  which  is  required  by  the  end  use  item.  Although  normal 
practice  calls  for  compression  to  some  higher  level  and  reduc- 
tion through  a regulator,  this  energy  is  ignored. 

Labor  costs  are  assumed  for  the  minimum  skill  level  or  pay 
grade  that  can  execute  the  required  action,  regardless  of  the 
availability  of  such  personnel  on  board  a given  vessel. 
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. All  data  entries  assume  that  the  MSD  is  in  usage  all  the  time, 
i.e. , the  system  and  subsystem  are  available  round  the  clock 
(100%  utilization  factor).  This  does  not  mean  that  every  device 
operates  continuously,  but  only  when  called  for  in  the  normal 
course  of  operation. 

. Where  the  load  on  an  electrical  motor  cannot  readily  be  calculated, 
the  load  is  assumed  to  be  equal  to  the  full  horsepower  rating. 

. Changeover  in  mode  of  operating  a WMS  is  assumed  to  be  in  full 
cycles,  i.e.,  after  changing  from  primary  WMS  mode  of  opera- 
tion to  either  overboard  dumping  or  discharging  to  a pier  connec- 
tion, the  WMS  is  restored  to  primary  mode  operating  status. 

APPROACH 

Th9  approach  used  in  the  development  of  the  MSD  data  presented 
in  this  volume  is  discussed  below. 

Sources  of  Data 

The  following  sources  of  data  wore  utilized  in  the  development  of 
the  MSD  information  presented  in  this  volume: 

. Visits  to  Coast  Guard,  Army,  Navy,  and  commercial  vessels  on 
which  the  MSDs  included  in  this  study  have  been  installed  and 
are  either  operational  or  are  under  evaluation.  These  visists 
provided  an  opportunity  to  inspect  the  installation  of  these  sys- 
tems and  to  obtain  information  on  the  operation,  maintenance, 
performance,  habitability  and  other  related  aspects  of  these 
MSDs. 

. MSD  Operating  and  Maintenance  Manuals. 

, MSD  manufacturer  personnel  and  literature, 

. Navy  MSD  test  and  evaluation  reports. 

, Navy  personnel  conducting  MSD  test  and  evaluation  studies. 

. Navy  Maintenance  Requirements  Cards  (MRCs)  for  Jered 
and  GATX  MSDs. 
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. U.S.  Coast  Guard  personnel  conducting  MSD  test  and  evaluation 
studies . 

. Engineering  judgements  by  Bradford  personnel. 

Whenever  practical,  the  source  of  data  or  estimates  have  been 
Indicated  in  footnotes.  In  order  to  acquire  the  most  realistic  data, 
preference  was  given  to  Information  obtained  from  operational  experience, 
i.e.,  from  personnel  running  operating  equipment  or  demonstration  tests. 

The  hands-on  experience  by  manufacturers  was  ranked  second  but  was 
tempered  by  the  supposition  of  inherent  bias.  Where  inconsistent  data 
were  obtained  from  two  or  more  equally  ranked  sources,  the  most  penalizing., 
credible  dataware  used.  This  is  compatible  with  the  case  of  a manufacturer 
recommending  more  preventive  maintenance  than  was  performed  by  operating 
personnel.  The  assumption  is  that  the  personnel  were  too  buBy  or  lax  and 
had  not  yet  seen  the  results  of  their  failure  to  provide  adequate  preventive 
maintenance. 

MSD  Descriptions  and  Physical  Characteristics 

MSD  descriptions  and  physical  characteristics  were  derived  from 

MSDO&M  Manuals,  manufacturer  literature  and  personnel,  and 

Bradford  personnel  familiarity  with  some  of  the  MSDs  included 
» 

in  this  study.  It  is  noted  that  since  CHT  systems  are  not  standard  MSD 
systems  marketed  as  such  by  MSD  manufacturers,  but  instead  are  custom 
fitted  for  a vessel,  specific  CHT  physical  characteristics  (such  as  weight 
and  volume)  oannot  be  given.  Physical  characteristics  of  CHT  systems 
are  presented  in  Volume  III  of  this  report  as  part  of  the  WMS  Installation 
analysis. 

MSD  Effectiveness  Attribute  Data 

The  MSD  effectiveness  attribute  data  represents  generic  MSD 
characteristics  which  are  specifically  of  interest  in  assessing  the  overall 
effectiveness  of  the  candidate  WMS  configurations  for  each  vessel.  These 


data  were  developed  on  the  basis  of  the  MSD  analyses,  available  informa- 
tion, and  judgements  by  Bradford  personnel.  Wherever  considered  appro- 
priate, the  data  are  supported  by  footnotes  to  explain  the  reasoning  that  led 
to  specific  results  or  judgements. 

[■'  I 

The  MSD  effectiveness  attribute  data  are  geared  to  the  objective  of 
fulfilling  the  input  requirements  of  the  structure  of  the  effectiveness  model 

) 

and  the  associated  effectiveness  rating  functions  developed  in  Volume  2. 

These  effectiveness  attribute  data  are  organized  by  MSD  and  within  each 
MSD  are  subdivided  by  Measure  of  Effectiveness  (M/E),  There  are  seven 

M/Es  which  essentially  are  intended  to  evaluate  different  aspects  or  i 

i 

characteristics  of  the  MSDs.  The  seven  M/Es  or  types  of  characteristics 
are  as  follows:  \ 

. I - adpatabttjty  for  shipboard  installation 

, II  - PERFORMANCE  j 

. Ill  ••  OPERABILITY 

. IV  - PERSONNEL  SAFETY  j 

. V - HABITABILITY  | 

. VI  - RELIABILITY 

\ 1 

. VII  - MAINTAINABILITY 

Within  oach  M/E  tha  effectiveness  attribute  data  are  organized  by 
elementary  factor /subfactor  which  are  identified  by  a unique  number.  These 
elementary  factors/subfactors  address  specific  MSD  characteristics  or 
attributes,  some  of  which  are  subjective  in  nature. 

In  order  to  fulfill  the  objectives  of  this  study,  the  effectiveness 
attribute  data  are  presented  on  an  MSD  subsystem  level  in  accordance  with 
the  manner  In  which  these  MSDs  are  hybridized  to  form  the  18  candidate 
WMS  concepts  includod  in  thiB  study.  The  relationship  between  effective- 
ness attribute  data  at  the  MSD  subsystem  level  and  the  WMS  level  is 
presented  in  Tables  2 and  3,  which  indicate  cross-references  between 


Table  2 

WMS/MSD  CROSS  REFERENCE  FOR  EFFECTIVENESS  ATTRIBUTE  DATA 


Collection/Transport 
Subsystem  (Black) 


Treatment/Disposal  Subsystem 


Black 


CHT 


Chrysler 


Chrysler 


Grumman 


Grumman 


CHT 


Grumman 


Grumman 


ered  ^ 


GATX 


CHT 

CHT 

Chrysler  with  Hold- 
ing Tank 

CHT 

Chrysler  with  Inci- 
nerator 

CHT 

Grumman  with  Hold- 
ing Tank 

CHT 

Grumman  with  Holding  Tank 

CHT 

Grumman  with  Holding 
Tank 

Grumman  with  Inci- 
nerator 

CHT 

Grumman  with  Incinerator 

CHT 

. 

CHT 

ered/Thiokol  (2) 


Grumman  with  Holding 
Tank 


Grumman  with  Incine- 
rator 


GATX 


CHT 


Thlokol  (3) 

Incinerator 


CHT 


lered/Thlokol  (3) 


GATX 


CHT  Grumman  with  Holding 

Tank 


Grumman  with  Incine- 
rator 


(1)  Large  or  small  boat  system,  depending  on  vessel.  Effectiveness  attri- 
bute data  based  on  large  boat  system. 

(2)  Jered  or  Thiokol  incinerator,  depending  on  vessel.  Effectiveness  attri- 
bute data  based  on  Jared  Incinerator, 

(3)  Thiokol  incinerator  used  in  conjunction  with  the  Grumman  MSD  treating 
the  gray  water  stream.  Effectiveness  attribute  data  based  on  Jered 
incinerator. 
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Table  3 

MSD/WMS  CROSS  REFERENCE  FOR  EFFECTIVENESS  ATTRIBUTE  DATA 


Colie  ction/Trans  port 
Subsystem  .(Black) 

9,  10,  11,  12,  13 


Colle  ction/Trans  port 
Subsystem  (Black) 

14,  IS,  16,  17,  18 


Treatment/bisposal 

JabmtggLJtela^ 

10*,  13**,  15*,  18** 


GATX 


Treatment  /Disposal 
Subsystem  (Black) 

11,  16 


CHRYSLER  

ColleotlonA'ransportl  Treatment/tilapoaal  Subsystem  (Black 
Subsystem  (Black)  With  Holding  Tank  I With  Incinerator 


Colle  ct  ton/Tra  ns  port 
Subsystem  (Blaak) 

4,  5,  7,  8. 


CollectlonAransport 
Subsystem  (Black) 


GRUMMAN 

Treatmeni 

With  Holding  Ta; 
Black Gray 

4,  5 S,  6,  3 
17 

CHT 


Treatment/Disposal  Subsystem 

Black Gray 

1,  6,  9,  12,  14,  1,  2,  3,  4,  7,  9,  10,11, 

17  14,  15,  16 


1 With  Incinerator  1 

Black 

Gray  . .... 

7,  8 

8,  13,  18 

* lered  or  Thiokol  incinerator.  Effectiveness  attribute  date 
based  on  Jered  incinerator. 

**  Thiokol  incinerator.  Effectiveness  attribute  data  based  on 
Jered  incinerator. 


WMS  No.  and  MSD  subsystem  and  vice  versa.  Table  2,  in  effect,  indicates 
how  the  18  WMS  concepts  (see  Figure  1)  have  been  formed  as  hybrid  com- 
binations of  the  MSD  subsystems.  The  manner  in  which  effectiveness  attribute 
data  at  the  MSD  subsystem  level  is  combined  to  form  effectiveness  attribute 
data  at  the  WMS  level  (sometimes  in  combination  with  other  types  of  attribute 
data,  e.g.,  WMS  installation  related  attribute  data)  is  documented  by  each 
effectiveness  rating  function  for  the  correspondingly  numbered  elementary 
factor  or  subfactor  (see  effectiveness  rating  functions  in  Volume  2 of  this 
report) . 

Acquisition  Costs 

Acquisition  costs  were  obtained  from  MSD  manufacturers.  Exceptions 
were  the  Grumman  MSD,  and  the  Thiokol  incinerator  used  with  the  Grumman. 
Estimated  acquisition  costs  for  these  two  subsystems  wore  provided  by  the 
Coast  Guard.  Since  CHT  systems  are  not  standard  MSD  systems  marketed 
as  such  by  MSD  manufacturers,  but  instead  are  oustor^  fitted  for  a vessel, 
a CHT  system  is  assumed  to  have  no  acquisition  cost.  A CUT  system  is 
assumed  to  have  an  installation  cost  only,  i.e. , the  cost  of  required 
materials  to  fabricate  tho  tanks,  and  the  cost  of  associated  pumps  are  con- 
sidered to  be  part  of  the  installation  cost  (operating  and  maintenance 
associated  with  CHT  systems  are  treated  in  the  same  manner  as  other  MSDs). 

In  accordance  with  the  objectives  of  this  study,  acquisition  costs 
were  solicited  from  MSD  manufacturers  on  a subsystem  level  (rather  than 
on  an  overall  MSD  level),  corresponding  to  the  manner  in  which  the  MSDs 
have  been  hybridized  to  form  the  18  WMS  candidate  concepts. 

Accordingly,  data  forms  were  prepared  for  each  MSD  in  which  each 
subsystem,  including  all  different  equipment  sizes  and  model  types  of 
interest,  were  individually  listed.  The  MSD  manufacturer  was  requested 
to  provide  an  acquisition  cost  for  each  listed  subsystem  or  equipment 
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on  the  basis  of  1976  costs  and  a production  run  of  up  to  100  units.  In 
addition,  cost  estimates  were  requested  for  initial  spares  packages 
required  to  support  each  listed  subsystem,  together  with  estimates  of 
how  many  subsystems  can  reasonably  be  supported  by  one  initial  spares 
package . 

Labor  Rates  for  MSP  Operation  and  Maintenance 

Guidance  for  selection  of  skill  level  was  furnished  by  a Coast  Guard 

Manual1  which  does  not  give  qualifications  for  ratings  below  E4.  Abstracts 

of  skill  level  abilities  are  given  in  Table  4.  Labor  costs  for  various  skill 

2 

levels  were  obtained  from  a Coast  Guard  study  which  reflects  total  costs 
to  the  government  including  such  often  neglected  items  as  cost  of  educa- 
tion and  training,  severance  pay,  pensions,  etc.  Annual  billet  cost  was 
converted  to  hourly  rates  by  using  the  Coast  Guard  assumed  working  time 
as  2080  hours  per  year.  These  rates  are  presented  in  Table  5.  The  apparent 
discrepancy  in  pay  rates  between  an  electrician's  mate  and  a machinery 
technician  is  primarily  due  to  the  difference  in  the  median  years  of  service. 


Conversion  of  labor  grades  of  Navy  personnel,  prescribed  for  main- 
tenance actions  on  MRCs,  was  made  by  equating  a Fireman  as  an  E2,  and 
EM3,  and  EN3  as  an  E3. 


if 

it- 


(1)  Enlisted  Qualification  Manual  CG-311  (1975)  DOT,  USCG. 

(2)  USCG  Military  and  Civilian  Manpower  Billet  and  Life  Cycle  Costing, 

luly  1975. 
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Table  4 

RATINGS  AND  SKILLS  OF  USCG  ENLISTED  PERSONNEL 

Rating**  I 

Chief  Patty  omoar  . 17  : 

Patty  Officer  lat  otaai  - CS 
Patty  Officer  2nd  elaaa  - rs 
Patty  Officer  3rd  tfl»ii  • E4 

Skill* 

|4  Elactrtoian*  Matt  or  Elaetronloa  Taehntolan  EM  or  ET 


Knowledge  to  replaca  motor  bailing* 
Knowladga  of  common  motor  fault* 
Taitlng  of  mlioallmaou*  appltanoaa 


Changa  dahydrator  in  rafrigaration  ayatam 
Oparata  halogan  leak  dataotor 
Repack  oompraaaer  atuffing  box* a 

Lin*  up,  atart,  oparata  and  aacura  mlacellanaoua  auxiliary*  ttqulp- 
■ mant,  ag:  air  compraaaora 

environmental  pollution  control  ayatam 

E5  Electrician**  Mata  nr  Electronic  Technician  EM  or  ET 
Rewind  controller  lolanold* 

Raplaea  heating  unite,  tharmoatata,  relay*,  awitoha* 

IC  equipment  malntananoa 

Aaaiat  in  repair  and  adjuatmant  of  alaotrlc  motor*  and  aaaoclntad 
equipment 

E3  Machinery  Technician  MjC 

Chemically  ramova  aoaia  from  diatllllng  plant 
Changa/add  oil  to  rafrigaration  oompraaaor 
Oatarmlna  wear  and  overhaul  pump 
Adjuat  automatic  regulating  valve* 

El  Electrician*1  Mata  or  Elaotronlo*  Technician  EM  or  ET 
Adjuat  tlma-aaquanc*  relay 

Trouble  ahoot  electrical  control  circuit*  and  follow  corrective  procedural 

El  Machinery  Tachnlolan  MIC 

Taut  and  renew  oil  aaala  in  rafrigaration  oompraaaor 
Major  repair*  on  rafrigaration  ayatam 

* From  DOT  U3CQ  Enliatad  Qualification*  Manual  CQ-3U  (19751 


Table  5 
LABOR  RATES* 


Pay  Grad* 

Annual1* 

m __ 

* Hourly  Rate 

. ($Aoyr).. 

Annual* 

(?) 

Hourly  Rate 
...  (S/hour) . 

E-2 

It,  332 

5.45 

13,038 

6.27 

E.3 

12,396 

5.96 

14,235 

6.64 

E-4 

13,522 

6.50 

15,  425 

7.42 

E-5 

15,023 

7.22 

16,911 

6.13 

E-8 

20.240 

9.73 

23,215 

11.16 

+ Souro*  of  annual  bUJat  colt*  • U5CC1  Military  and  Civilian  Manpower 
Billet  and  Ufa  Cycla  Coating,  'uly  1975, 

* Hourly  rata  baaad  on  annual  billat  ooata  and  aaaumad  2080  hour*  par  year, 
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Analysis  and  Classification  of  Operating  and  Maintenance  Tasks 


Analysis  of  MSD  operating  and  maintenance  requirements  provides 
data  for  estimating  the  WMS  life  cycle  costs  of  the  recurring  expenditures 
(as  opposed  to  the  fixed  costs  of  acquisition  and  installation) . However, 
besides  providing  cost  information,  a lot  of  added  useful  information 
can  be  gleaned  from  such  an  analysis  if  the  data  are  recorded  and  organized 
in  an  orderly  and  systematic  manner.  Specifically,  the  type  of  information 
which  can  be  obtained  from  such  an  analysis  (some  of  which  constitutes 
effectiveness  attribute  data)  includes  the  following: 

. Man-hour  resource  utilization,  including  the  following: 

. . Number  of  men  required 
. . Skill  level  requirements  * 

. . Total  man-hour  requirements 

. . Periodicity  and  duration  of  operating/maintenance  tasks 
. Consumable  requirements 

. Spare  and  repair  parts  logistic  requirements 

. Vessel  resource  requirements  (fuel,  electric  power,  fresh  water, 

compressed  air,  etc.). 

In  order  to  proceed  with  this  analysis  in  an  orderly  fashion,  all 
activities  associated  with  MSDs  wore  divided  into  two  main  categories, 
namely: 

. Operation 

. Maintenance 

MSD  maintenance  was  then  subdivided  into  the  following  three 
subcatogories: 

. preventive  (scheduled)  maintenance 

. Corrective  (unscheduled)  maintenance 

. Overhaul 


It  is  noted  that  suoh  categorization  not  only  facilitates  analysis  of  MSD 
operation  and  maintenance,  but  it  can  also  yield  some  important  information 
and  direction  for  MSD  improvement  programs.  Some  examples  of  this 
are: 

. If  operating  requirements  are  unduly  severe-,  automation  of 
the  operation  might  be  considered. 

. If  the  corrective  maintenance  burden  is  too  severe,  relief 

might  be  sought  along  the  lines  of  equipment/system  reliability 
improvement,  or  inclusion  of  additional  or  better  fault  detection 
and/or  isolation  devices. 

. If  the  preventive  maintena?ice  burden  is  considered  to  be  too 
great,  it  might  be  alleviated  by  substitution  of  materials  which 
require  less  maintenance,  by  redesign,  by  adoption  of  different 
maintenance  procedures  or  schedules,  by  parts  substitution,  etc, 

, If  overhauls  are  considered  to  take  too  long,  thus  making  the 
equipment  (and  perhaps  the  vessel)  unavailable  for  unacceptably 
long  periods  of  time,  progressive  maintenance  might  be  considered, 
Progressive  maintenance,  an  approach  utilized  by  the  Navy,  calls 
for  modularization  of  the  system  In  such  a way  that  overhauls 
are  in  effect  stretched  out  over  time  (as  opposed  to  complete 
overhaul  at  one  time).  This  is  accomplished  by  substituting 
a major  system  module  (which  takes  comparatively  little  time) 
with  one  taken  from  a pool  of  such  modules  which  have  been 
overhauled  prior  to  the  ship's  arrival  at  the  yard.  During  each 
ship  visit,  a different  module  is  interchanged,  In  time,  the 
entire  system  will  have  undergone  overhaul. 


Before  the  analysis  of  MSD  operating  and  maintenance  requirements 
could  proceed,  It  wa3  necessary  to  ensure  that  the  above  categorization 
of  task  types  was  well  defined  and  unambiguous.  Corrective  maintenance 
tasks  arise  as  a result  of  random  equipment  failures  and  hence  are  not 
scheduled  tasks.  Overhauls  are  scheduled  after  extended  system  operation 
and  are  intended  to  restore  systems  to  their  original  status,  to  make  major 
modifications  or  improvements,  and  generally  to  counteract  the  effects  of 
wearout,  so  as  to  prevent  major  system  breakdowns. 

However,  operation  and  preventive  and  maintenance  tasks  are  both 
scheduled  and  a priori  prescribed  activities,  and  the  distinction  between  them 
is  not  always  obvious.  Certain  activities  clearly  fall  into  one  or  the  other 
category.  For  example,  removing  ashes  from  an  incinerator  or  adding 
chemicals  to  a waste  treatment  system  are  clearly  operating  activities. 
Similarly,  greasing  bearings  is  clearly  a preventive  maintenance  activity. 

But,  how  should  one  classify  an  activity  such  as  replacing  a filter?  Is  it 
an  operating  activity  or  is  it  a preventive  maintenance  activity?  The  answer 
is  not  a priori  obvious,  nor  are  there  well  established  definitions  of  tasks 
which  would  help  one  to  decide  one  way  or  another. 

To  resolve  such  ambiguities,  a rule  had  to  be  established  against  which 
ambiguous  tasks  could  be  tested  in  order  to  determine  whether  it  is  to  be 
categorized  as  an  operating  activity  or  a preventive  maintenance  activity. 

The  rule  adopted  is  based  on  the  following  conventions: 

. A task  is  classified  as  an  operating  activity  if  the  following 
two  conditions  apply: 

. . Failure  to  perform  this  task  may  degrade  the  performance  of 
the  system  so  that  it  is  longer  in  conformance  wtth  specifica- 
tions or  it  may  become  unacceptable  (e.g.,  a reduction 
in  the  rate  of  processing  wastes,  or  an  increase  in  odor). 


. . However,  failure  to  perform  this  task  will  not  result  in 
system/subsystem/equipment  failures  or  accelerated  wear- 
out  of  any  system  component, 

, A task  is  classified  as  a preventive  maintenance  activity  if  the 
following  two  conditions  apply: 

, . Failure  to  perform  this  task  may  result  in  a system/subsystem/ 
equipment  failure , or  the  accelerated  wearout  of  one  or  more 
system  components . 

. . However,  failure  to  perform  this  task  will  not  result  in  the 
performance  of  the  system  to  be  degraded  so  that  it  no  longer 
conforms  to  specifications  or  becomes  unacceptable. 

The  above  rule  can  be  used  to  resolve  the  question  raised  earlier 
whether  replacement  of  a filter  constitutes  an  operating  or  a preventive 
maintenance  task.  The  answer  depends  on  the  type*  or  the  ^nation,  of  the  filter 
in  question.  If  the  filter  is  used  to  pn-  ify  wastes,  replacement  of  the  filter 
is  an  operating  activity.  On  the  other  hand,  if  the  filter  is  used  to  purify 
lubricating  oil,  replacement  of  the  filter  is  a preventive  maintenance 
activity.  Further  discussion  and  definitions  of  operating  and  maintenance 
task  categories  appear  in  Appendix  B. 

Treatment  of  Dependencies  Inherent  in  Opera tlng/Malntenanoe  Data 

Irr  accordance  with  the  objectives  of  this  analysis,  it  is  necessary 
to  present  MSD  operating  and  maintenance  data  on  a subsystem  level  (as 
opposed  to  the  overall  MSD  level)  corresponding  to  the  manner  in  which 
the  MSD  are  hybridized  to  form  the  candidate  WMS  configurations.  This 
requirement  poses  special  problems  in  the  development  and  presentation 
of  operating  and  maintenance  data. 
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These  problems  arise  from  the  fact  that  the  data  to  be  presented  -i 

should  be  generic  and  general  MSD  data  which  are  applicable  for  evaluating 
any  WMS  configuration  on  any  given  vessel.  However,  some  of  the  data  j 

depend  on  other  factors,  such  as  vessel  type,  crew  size,  installation,  j 

etc.  As  a result,  when  such  dependencies  occur,  explicit  data  cannot  be  j 

provided.  Instead,  the  data  (i.e.,  quantities  or  costs)  have  to  be  expressed  j 

i 

in  terms  of  one  or  more  variables  which  depend  on  the  vessel,  the  installa- 
tion, mission  profiles,  etc.  Only  when  the  context  and  specifics  of  a given  ! 

i 

WMS  configuration  on  a given  vessel  become  known  can  values  be  assigned  ! 

1 

to  these  variables  and  the  data  (at  the  WMS  level  not  the  MSD  subsystem 
level)  can  be  made  explicit.  j 

Examples  of  such  dependencies  and  the  manner  in  which  they  are  J 

treated  include  the  following:  j 

i 

. Operation/maintenance  activities,  part  requirements,  and  i 

vessel  resource  utilization  of  fixtures,  pumps,  etc.,  depend  on  ' 

the  number  of  such  units  for  any  candidate  system/vessel  ! 

combination.  As  a result,  data  have  to  be  given  on  a per  unit 
basis  rather  than  on  a per  system  or  subsystem  basis.  j 

, Vessel  resource  utilization  and  certain  replacement  part  | 

(a.g.,  Jared  and  Chrysler  incinerator  liners)  requirements  are  1 

a function  of  crew  size.  As  a result,  such  data  are  given  on  a 
per  capita  basis  rather  than  on  a per  system  or  subsystem  basis.  ■ 

: i$ 

. Labor  and  costs  for  mode  changeovers  (from  primary  mode  to  over- 
board discharge  or  pierside  connection,  and  vice  versa)  depend  on 
vessel  mission  profiles  (i.e.,  the  number  of  3 -mile  limit 

•?  ’’l 

crossings  and  the  number  of  pier  dockings).  As  a result,  such  j j 

data  are  given  on  a per  mode  changeover  basis  rather  than  on  a \ 

I i 

system  or  subsystem  basis . j ^ 


wt 
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. The  cost  of  fresh  water  depends  on  the  type  of  vessel  on 

which  the  WMS  is  installed,  i.e.,  the  source  of  fresh  water- 
whether  taken  from  shore  and  stored  or  whether  generated  on 
board  the  vessel  by  an  evaporator.  This  is  due  to  the  large 
difference  in  cost  of  fresh  water  depending  on  source  (70<r/ 

1000  gallons  for  stored  water  versus  $20/1000  gallons  for 
generated  water).  As  a result,  two  different  costs  are  given  for 
fresh  water. 

. The  electric  power  consumption  and  cost  for  compressed  air 
depends  on  both  the  rate  of  usage  and  the  pressure  at  which  it 
is  used.  If  compressed  air  is  used  by  an  MSD  subsystem  at  a 
known  pressure,  then  the  cost  of  this  vessel  resource  can 
be  calculated  on  a per  subsystem  basis.  However,  compressed 
air  used  to  aerate  a black  water  holding  tank  depends  on  both 
the  volume  and  the  maximum  height  of  the  holding  tank,  since 
this  height  will  determine  the  pressure  at  which  compressed  air 
is  used.  However,  tank  dimensions  are  vessel  installation 
dependent  and  hence  are  variables.  As  a result,  compressed 
air  consumption  and  cost  are  given  in  terms  of  the  two  variables: 
rate  of  consumption  and  pressure,  rather  than  on  a system  or 
subsystem  basis. 

Presentation  of  Operating/Maintenance  Data 

Data  for  operating  and  maintenance  tasks  were  recorded  on  the  data 
sheets  Bhown  in  Figures  2,  3,  4 and  5 for  operating,  preventive  maintenance, 
corrective  maintenance  and  overhaul  tasks,  respectively.  The  data  are 
presented  on  an  MSD  basis  and  within  an  MSD  in  the  sequence:  operation, 
preventive  maintenance,  corrective  maintenance,  and  overhaul.  The  data 
presented  in  the  four  sections  are  grouped  by  MSD  subsystem  and  sometimes 
by  sub- subsystem.  The  groupings  are  consistent  for  each  MSD.  These 
separations  permit  assessment  of  a hybrid  WMS  which,  for  example,  utilizes 
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Figure  5 

DATA  SHEET  FOR  MSD 


the  collection  subsystem  from  one  MSD  with  the  treatment  subsystem  from 
a different  MSD.  Where  the  MSD  manufacturer  has  established  more  than 
one  size  (or  capacity)  component,  equipment  or  subsystem,  the  different 
sizes  are  included. 

Every  MSD  operating  or  maintenance  activity  that  would  have  a reason- 
ably significant  impact  on  labor,  vessel  resources,  material  consumption  or 
spare  parts  was  included  on  these  forms.  For  example,  fixture  flushing  by  users 
has  no  effect  on  labor  for  operation  or  maintenance  but  has  an  effect  on  vessel 
resource  consumption  (electric  power  and,  for  Jered  and  GATX  collection 
subsystem,  freshwater). 

Sources  of  data  for  the  activities  included  the  manufacturer's  O&M 
manual,  Navy  MSD  teat  reports,  preliminary  Navy  Maintenance  Requirement 
Cards  (MRC)  for  GATX  and  Jered  MSDs,  and  recommendations  by  the  Manufacturer, 
.Coast  Guard  personnel,  demonstration  vessel  personnel  and  the  engineering 
Judgment  of  Bradford  personnel.  Data  were  obtained  from  these  souroes  in 
addition  to  calculated  information.  Calculations  for  vessel  resource  utilization 
were  based  on  equations  furnished  by  the  Coast  Guard,  and  are  detailed  in 
Appendix  B. 

Much  of  the  data  giving  the  time  required  to  carry  out  an  action  was 
estimated  by  Bradford  personnel  using  their  own  personal  experience  as  well  as 
the  similarities  to  actions  observed,  tested  for  and  prescribed  by  others.  The 
time  given  for  execution  of  the  action  is  usually  without  allowance  for  time  to 
get  to  the  scene  of  the  action,  gathering  tools,  withdrawing  parts  from  stook, 
extensive  cleanup  or  procedures  for  replacement  of  stock. 

The  skill  level  required  for  a stated  activity  is  the  assumed  minimum 
level.  A system  is  not  penalized  if  manpower  availability  aboard  the  vessel 
dictates  the  use  of  more  skilled  operating  or  maintenance  personnel  than  is 
neoessary. 

Operation  and  maintenance  on  MSD  oan  be  provided  with  only  two 
ratings:  Machinery  Technician  (MK)  and  Electricians  Mate  (EM).  The  few 
simple  electronic  tasks  are  assumed  to  be  within  the  electricians  mate's 
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capability  and  the  pay  differences  are  within  10%.  The  pay  grades  and 
'’hill  typp  ar"  combined  for  simplicity  of  presentation,  e.g.,  MK2  is 
an  E-2  machinery  technician;  EM5  is  an  E-5  electrician's  mate. 

Estimated  time  required  for  a given  activity  is  given  in  hours -minutes. 
The  following  examples  explain  the  method  of  representation.  Twenty 
minutes  is  shown  as  -20,  seventy  five  minutes  as  1-15,  and  one  hundred 
and  twenty  minutes  as  2-. 

Electrical  controls  are  treated  in  the  data  forms  with  the  subsystem 
or  sub- subsystem  (component)  to  which  they  are  related.  The  power  and 
cost  of  automatic  operation  are  included  with  those  for  the  component  or 
subsystem.  Power  consumption  data  reflect  the  integrated  value  for  items 
that  do  not  operate  continuously  or  at  constant  rates. 

Multiple  units  are  indicated  by  a number  in  parentheses  following 
the  item  name  in  the  activity  description  whenever  the  number  of  units  is 
known.  Operation,  preventive  maintenance  and  overhaul  apply  to  all  of  the 
multiples.  Corrective  maintenance  applies  only  to  the  one  failed  unit  but 
the  estimated  frequency  of  failure,  as  well  as  the  number/cost  of  spares 
used,  takes  the  population  into  account. 

Wherever  practical,  the  data  shown  are  dependent  only  on  the  MSD 
being  operational,  e.g.,  an  exhaust  blower  that  runs  continuously  whenever 
the  system  is  on.  However,  some  data  are  oloarly  dependent  on  the  number 
of  men  using  the  system,  e.g.,  power  to  pump  flush  fluid.  These  data  are 
given  in  per  capita  form.  Where  characteristics  and  costs  are  dependent 
partly  on  the  MSD  and  partly  on  crew  size,  a judgment  was  made  as  to  the 
significance  and  difficulty  of  calculation  and  a selection  was  made  of  the 
method  of  calculation  to  be  used.  Labor  costs  to  switch  the  MSD  mode 
of  operation  from  treatment  to  off  loading  or  to  pumping  overboard  are  mission 
profile  dependent.  These  data  are  given  in  per  cycle  form,  where  a cycle 
includes  the  reversal  of  mode  changeover.  Vessel  dependent  data,  in  these 
tables,  are  found  in  the  cost  of  fresh  water  which  is  contingent  upon  the 
source,  l.e.,  generated  on  board  or  storage  of  shoreslde  supply.  The 
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resulting  water  costs  are  shown  both  ways.  Installation  dependence  occurs 
in  instances  where  tha  number  of  multiple  units  is  variable  within  an  MSD, 
i.e,,  number  of  commodes,  urinals,  transfer  pumps,  etc.  Cost  figures  are 
given  per  unit  or  per  pump.  In  summary,  dependent  data  are  presented  in  one 
of  the  following  forms: 

. Data  reflecting  both  MSD  and  per  capita  Influence,  are  shown 
in  the  form  (X.XX  + Y.YY/capita) . 

, Data  that  are  not  dependent  only  upon  an  MSD  are  presented  in 
one  of  the  following  appropriate  forms: 

. . x,xx/c  ■ value  per  capita 
. . x.xx/cy  - value  per  (changeover)  cycle 

..  x.xx/unit  “value  per  unit,  i.e.,  per  commode,  per  flushometer 
..  x.xx/pump  = value  per  pump 

Data  entries  frequently  have  superscript  letters  to  Indicate  the  general 
origin  of  the  entry.  The  coding  for  these  letters  (which  omit  the  i and  1 
characters)  are: 


a.  Manufacturer's  Operation  and  Maintenance  (O&M)  Manual 

b.  Manufacturer's  catalog/literature/letter 

c.  Manufacturer's  report 

d.  Manufacturer's  personnel 

e.  Demonstration  vessel  personnel 

f.  U.S.  Coast  Guard  report 

g.  U.S.  Coast  Guard  personnel 

h.  U.S.  Navy  report 

J.  U.S.  Navy  personnel 
k.  Bradford  calculation 

m,  Bradford  personnel  judgment  or  estimate 

n.  Navy  Maintenance  Requirement  Card  (MRC)  (possibly  preliminary) 
p.  U.S  Coast  Guard  demonstration  vessel  data  log 
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The  first  three  columns  of  each  data  form  present  then  (1)  time  between 
repetition  of  the  activity,  (2)  time  for  execution  of  the  activity  and  (3)  the 
number  and  labor  category  of  personnel  required.  Since  so  many  entries  in 
these  columns  were  the  result  of  Bradford  personnel  judgment,  the  super- 
script 'm'  was  omitted  for  clarity  and  easier  reading.  Other  sources  of  input 
are  always  indicated.  Obvious  calculations  such  as  annual  hours,  annual 
labor  costs,  total  material  costs  and  the  sum  of  material  and  labor  costs 
were  performed  by  Bradford  but  the  data  are  entered  without  superscript. 

The  superscript  'k'  indicates  that  the  data  were  from  another  source  but 
manipulated  or  converted  by  Bradford  to  conform  to  the  column  heading 
format.  Data  from  another  source  that  was  manipulated  by  Bradford  personnel, 
having  to  make  judgments  in  the  process,  received  an  'm'  as  the  superscript. 
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PRINCIPLES  OF  OPERATION 

The  lered  MSD  is  based  on  the  use  of  vacuum  collection  of  human 
wastes  from  proprietary,  reduced  flush  commodes.  Wastes  from  standard 
urinals  are  also  collected  by  the  vacuum  drains  by  means  of  a special 
interface  valve.  The  collected  sewage  is  incinerated  in  a vortex  incinerator. 

It  is  the  only  MSD  considered  in  this  study  that  provides  motive  power  for 
transport  of  sewage  at  the  central  collection  site. 

The  primary  Jered  MSD  under  consideration  is  the  model  V85003  that 
was  installed  as  a test  system  on  the  USS  Kraus.  The  system  has  the 
capacity  to  handle  a maximum  of  200  men  on  a 24-hour  basis.  In  order  to 
examine  a vacuum  collection  system  that  is  practical  for  significantly  fewer 
users,  the  Jered  Small  Boat  Collection  System  was  included  in  this  study. 

The  small  boat  system  is  essentially  a collection  and  holding  system;  it 
does  not  include  an  Incinerator,  Available  information  on  this  system  is 
much  less  extensive  that  for  the  200-man  system,  The  small  boat  system 
is  available  In  different  capacities.  In  the  description  of  it  below,  prospective 
minor  modifications  are  discussed  which  would  be  expected  if  the  system  is 
to  be  adapted  for  use  with  a small  incineration  subsystem,  possibly  by 
another  manufacturer,  Currently,  Jered  has  only  one  size  incinerator. 

The  200- man  MSD  is  an  automatic  system  but  requires  an  operator  for 
periodic  ash  removal  from  the  Incinerator,  However,  the  system  is  quite 
complex  and  requires  a fair  amount  of  operator  and  preventive  maintenance 
actions . 

A function  block  diagram  of  the  Jered  Large  Boat  Sewage  Disposal 
System  is  presented  in  Figure  6.  A functional  block  diagram  of  the  Jered 
Small  Boat  Waste  Collection  System  appears  in  Figure  7. 
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LARGE  .BOAT  SEWAGE  DISPOSAL  SYSTEM 


SYSTEM  DESCRIPTION 


The  more  detailed  description  will  basically  address  the  200-man  MSD. 
Description  of  the  small  boat  system,  which  uses  the  same  type  of  plumbing 
fixtures  and  drain  piping,  will  be  given  after  the  description  for  the  200- man 
MSD,  both  for  the  collection  and  incinerator  subsystems. 

Collection  Subsystem  (200-manMSD) 

The  collection  subsystem  is  comprised  of: 

. Vacuum  operated  commodes 

. Standard  urinals  with  vacuum  interface  valve 

. vacuum  drain  pipes 

. Vacuum  collection  tank  (VCT)  assembly 

A,  Vacuum  Operated  Commodes 

The  vacuum  toilet  is  shaped  like  a domestic  toilet  but  Is  made  of 
porcelain  coated  steel.  The  outlet  for  wastes,  a 1 1/2"  hole  at  the  bottom 
of  the  bowl,  is  sealed  from  underneath  by  a Sewage  Discharge  Valve.  At 
the  top  rear  of  the  unit  is  a diaphragm  covered  push  button.  When  flushing 
is  required,  the  user  depresses  the  push  button.  Within  seconds, 
the  flushing  sequence  occurs . Flush  water  from  the  vessel's  fresh  water 
supply  starts  to  rinse  the  walls  of  the  bowl.  The  discharge  valve  opens  the 
bowl  outlet.  Vacuum  vigorously  sucks  the  waste,  rinse  water  and  air  into 
the  drain  line  for  a second  or  two.  A small  amount  of  rinse  water  is  retained 
after  the  discharge  valve  closes.  This  water  helps  to  effect  a seal  against 
the  vacuum.  The  entire  cycle  takes  about  six  seconds. 
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Located  inside  the  commode,  between  the  bowl  and  the  external 
housing,  are  six  control  assemblies  that  are  operated  by  the  vacuum  existing 
in  the  drain  pipe,  They  are: 

. Activation  Valve  - This  is  the  valve  that  starts  the  flush 
sequence  when  the  user  depresses  its  push  button.  If 
the  vacuum  is  insufficient  to  properly  flush  the  commode, 
the  valve  remains  cocked  until  the  vacuum  is  adequate 
and  then  starts  the  sequence. 
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. Gravity  Timer  - This  assembly  controls  the  timing  of  the 
various  sequences  by  means  of  cam  operated  valves . It 
is  adjustable . 

. Vacuum-Dispensing  Valve  - This  valve  acts  as  a pneu- 
matic amplifier  or  power  relay.  The  small  valves  in  the 
gravity  timer  actuate  the  vacuum  dispensing  valve  which 
allows  a large,  rapid  flow  of  air  from  the  piston  actuator 
in  the  sewage  dispensing  valve. 

. Sewage-Dispensing  Valve  - This  valve  seals  the  bowl 
from  the  vacuum  in  the  drain  pipe  until  called  upon  to 
open  during  the  flush  sequence. 

. Check  Valve  Assembly  - This  assembly  helpo  operate  the 
four  assemblies  above. 

. Water- Dispensing  Valve  • This  valve  releases  fresh  water 
to  the  flush  ring  in  the  commode  for  rinsing  the  bowl. 

The  timing  is  set  to  draw  the  wastes,  flush  water  (about  two  pints)  and  about 
3.5  standard  cubic  feet  of  air  each  time  the  flush  mechanism  is  actuated. 

B.  Urinals  and  Vacuum  Interface  Valves  (Urinal  Discharge  Valves) 

The  urinals  are  standard,  existing  units  with  standard  flushometers 
accurately  adjusted  to  deliver  about  one  pint  of  rinse  water  per  flush.  The 
urinals  in  one  vessel  compartment  are  piped  to  a single  gravity  drained  line 
leading  to  an  interface  valve  (each  interface  valve  can  accommodate  up  to 
5 urinals).  The  valve,  called  a Urinal  Discharge  Valve,  isolates  the 
gravity- drained  line  from  the  vacuum  drain  line.  The  valve  opens  when  it 
detects  a quantity  of  urine  and  flush  water  exerting  a static  pressure  on  a 
float.  Little  or  no  air  passes  through  the  valve  into  the  vacuum  drain  line 
during  operation. 


C.  Vacuum  Drain  Pipes 

The  vacuum  drain  pipes  are  small  diameter  lines:  1 1/2  inch  at  the 
commode,  and  2 inch  from  the  junction  of  individual  commode  drains  to  the 
collection  tank.  The  air  that  enters  the  line  through  the  commode  during 
a flush  operation  is  approximately  3,5  cubic  feet  in  volume.  The  sewage 
sucked  into  the  drain  line  will  travel  in  the  form  of  a slug  for  over  150 
linear  feet  by  the  time  the  commode  valve  closes.  The  entrapped  air 
expands  to  about  seven  cubio  feet  at  the  collection  tank  pressure  of  half 
an  atmosphere.  This  volume  of  air  is  sufficient  to  drive  the  slug  of  sewage 
300  feet  In  a two- Inch  line,  Thus,  the  output  of  sewage  from  a commode 
can  be  expected  to  reach  the  collection  tank  in  one  action  taking  only  a 
few  seconds. 

Since  the  drain  pipe  cross  section  Is  always  filled,  with  either  the 
slug  of  sewage  (about  17  inches  long)  or  air,  the  pipes  need  not  be  sloped 
for  drainage . In  fact,  the  water  oan  be  made  to  flow  vertically  upward  for 
a distance  of  six  to  eight  feet  or  up  an  incline  of  a few  degrees.  At  regular 
intervals,  the  drain  pipe  Is  bent  into  a shallow  dip  so  that  water  adhering 
to  the  pipe  walls,  or  the  urine  and  flush  water  that  enters  the  vacuum  pipe 
through  the  urine  discharge  valve,  will  collect  In  these  depressions  to 
form  slugs.  The  next  flush  action  will  sweep  the  collected  slugs  ahead  of 
the  incoming  sewage. 

D.  Vacuum  Collection  Tank  Assembly  (200-man  unit) 

The  200-man  vacuum  collection  tank  (VCT)  assembly  Is  skid  mounted 
and  contains  the  following  items; 

. VCT 

. Dual  vacuum  pumps  and  seal  water  tank 
. Grinder  pump 

. Effluent  pump 

. Transfer/dump  pump 

. Fluid  instruments,  valves,  and  controls 

. Electrical  Instruments  and  controls 
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a.  VCT 


The  VCT  ts  an  upright  cylinder  with  disked  heads  top  and  bottom, 
approximately  3.  5 feet  In  dtameter  and  four  feet  high.  It  holds 
224  gallons  to  the  high  level  shut-down  point.  The  unit  installed 
on  tho  USS  Kraus  and  possibly  those  on  the  Spruance  olass  de- 
stroyers had  a vertical  baffle  that  divided  the  tank  Into  two  com- 
partments. The  first  compartment  (ooarse  side)  received  Incoming 
sewage.  The  second  compartment  (fine  side)  received  sewage  that 
had  passed  through  the  grinder  pump  once.  Current  design  uses 
no  baffle  so  that  the  sewage  can  rectrculate  through  the  grinder 
pump  for  a statistical  average  of  seven  times. 

The  tank  normally  operates  at  14  to  20  Inches  of  mercury  vacuum 
(HgVac).  A vacuum  relief  valve  prevents  stronger  vaouums.  The 
tank  Is  constructed  to  withstand  an  Internal  pressure  of  50  pslg 
and  Is  protected  by  a pressure  relief  valve.  The  pressure  capa- 
bility permits  the  tank  to  be  evacuated  by  using  compressed  air 
to  drive  the  sewage  out  during  emergency  conditions. 

The  tank  has  multiple  probes  that  sense  liquid  level  by  conductance. 
Upon  contact  with  sewage  a small  current  flow  triggers  a sensitive 
transistor  relay.  The  original  design  of  a two- compartment  tank 
has  ten  probes,  five  In  each  half,  with  one  on  each  side  acting 
as  a common  ground.  With  an  unbaffled  tank,  only  five  probes 
(Indicating  four  distinct  levels)  will  be  necessary. 

b.  Vacuum  Pumps  and  Seal  Water  Tank 

Dual  vacuum  pumps,  direct  coupled  to  electric  motors,  are  In- 
stalled In  parallel,  atop  the  seal  water  tank.  They  are  water 
ring  seal  pumps,  drawing  fresh  water  from  the  tank  and  dls- 
charging  the  air- water  mixture  back  Into  the  tank  for  separation. 

|,  Air  leaves  the  tank  through  a vent  line.  The  heat  of  air  com- 
il presslon  Is  absorbed  by  the  water  In  the  seal  tank.  If  the  water 
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temperature  Is  too  high,  pumping  efficiency  drops  and  operators 
sometimes  replace  the  water  just  to  lower  the  temperature.  The 
water  Is  periodically  replaced  to  avoid  corrosion  by  the  gases 
absorbed  In  It. 

Two  vacuum  switches  control  the  operation  of  the  pumps.  As 
the  absolute  pressure  rises  to  6.  86  psta*  (16  In.  Hg  Vac.  )the 
"run"  pump  starts  up  and  continues  until  the  pressure  reaches 
4.  9 psla  (20  In.  Hg  Vac. ) If  system  usage  Is  heavy  enough  so 
that  the  one  vacuum  pump  Is  Inadequate,  the  "standby"  pump 
Is  started  when  the  absolute  pressure  rises  to  7.  84  psla 
(14  tn.Hg.Vac.).  It,  too,  shuts  off  at  20  In.  Hg  Vac.  Period- 
ically, the  run- standby  designations  are  reversed  by  a manually 
operated  switch  In  order  to  give  equal  wear  to  the  pumps.  If 
either  one  or  both  pumps  operate  continuously  for  more  than  20 
minutes,  an  alarm  ts  given  to  Indicate  a probable  vacuum  leak 
somewhere  In  the  system. 

o.  Grinder  Pump 

The  grinder  pump  Is  a macerating  centrifugal  pump,  known  by 
the  trade  name  Ma2-0-Rator,  which  recirculates  collected  sew- 
age In  the  VCT.  It  Is  mounted  vertically  near  the  tank  wltn 
piping  to  and  from  It.  Pumping  capacity  ts  at  least  45  gpm.  For 
systems  where  the  VCT  had  two  compartments,  the  grinder  pump 
operation  was  controlled  by  the  liquid  level  sensors.  Pump  con- 
trol action  in  an  unbaffled  VCT  is  not  known  at  present. 


I 


j; 

i 


¥ 


*psla  = pounds  per  square  Inch  absolute. 
Atmospheric  pressure  Is  14,  7 psta. 


i 

i 


\ 


47 


r 


V 

tfv' 


I 


f 

h 

f 


i" 


1 r 

ti, 

(ft 


d.  Effluent  Pump 

The  effluent  pump  ts  the  normal  means  of  transferring  sewage 
from  the  VCT  to  the  Incinerator.  It  Is  a progressing -cavity 
pump,  often  referred  to  by  the  trade  name,  Moyno,  and  1s 
operated  at  low  speed  to  produce  a 0.  5 gpm  flow.  The  original 
drive  was  by  V-belt,  but  it  now  uses  a chain  drive. 

e.  Transfer/Dump  Pump 

The  tranafer/dump  pump  Is  a progressing- cavity  pump,  similar 
to  the  effluent  pump  but  operated  at  higher  speed  to  yield  a seven 
gallons  per  minute  transfer  rate.  Its  original  purpose  was  to  dump 
the  VCT  contents  overboard  while  the  tank  was  still  under  vacuum 
or  to  transfer  the  contents  to  the  second  VCT  on  a vessel  with  two 
MSDs  (two  MSDs  are  employed  on  the  USS  Spruance) . For  purposes 
of  this  study,  the  transfer/dump  pump  will  be  considered  to  be 
a backup  for  the  effluent  pump,  and  viae  versa, 

f.  Fluid  Instruments,  Valves  and  Controls 

In  addition  to  the  level  sensor  probes  and  vacuum  switches 
already  mentioned,  the  VCT  assembly  employs  a liquid  level 
gage  and  a level  sensor  on  the  seal  water  tank,  sight  plugs 
on  the  VCT,  pressure/vacuum  gages,  manual  valves  and  check 
valves. 

g.  Electrical  Instruments  and  Controls 


Electrical  Instruments  and  controls  Include: 

. Indicator  lights,  for  status  monitoring  and  alarm  Indication 
. Elapsed  time  meters,  for  status  monitoring 
, Switches,  for  manual  control  and  mode  of  operation 
. Logic  relays  Including  automatic  shutdown  and  alarm  sequence 
, Power  relays,  Including  overload  relays 

. Audible  alarm 
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Incinerator  Subsystem  (200  man  MSP) 

The  Incinerator  subsystem  consists  primarily  of  a packaged  Incinerator 
and  an  ancillary  fuel  oil  day  tank.  Since  the  fuel  tank  Is  custom  designed 
for  the  Installation,  once  the  (dally)  capacity  Is  specified,  the  subsystem 
description  will  be  essentially  that  of  the  Incinerator.  This  unit  Is  skid 
mounted  and  contains: 

. An  Incineration  chamber  with  burner  head  and  sludge  nozzle 

. A blower 

. A fuel  pump  and  fuel  filter 

. Instruments  and  controls,  both  fluid  and  electrical 
A.  Combustion  Chamber 

The  incineration  chamber  Is  a horizontal  cylinder,  with  a vertically  - 
downward-firing  burner  head  mounted  tangenttally  to  the  chamber  near  one 
end.  Through  the  end  wall  near  the  burner,  a pneumatic  nozzle,  using 
compressed  atr  to  atomize  the  sewage,  sprays  the  sewage  along  the 
centerline  of  the  cylinder.  Combustion  gases  form  a vortex,  spiralling 
through  the  chamber  to  the  exhaust  outlet  at  the  center  of  the  far  wall. 

The  chamber  shell  Is  cooled  by  air  taken  from  the  blower,  so  that  external 
temperatures  do  not  present  a personnel  hazard. 

Since  the  sewage  Is  sprayed  along  the  centerline  of  the  vortex  (and 
the  chamber),  liquid  and  solid  particles  have  to  pass  through  the  hot 
combustion  gases  before  they  can  reach  the  wall.  The  design  is  such  that 
liquids  are  vaporized,  and  the  combustible  vapors  and  solids  are  burned 
in  the  combustion  gases,  leaving  only  particulate  ash  to  reach  the  well. 
Centrifugal  forces  keep  the  heavier  ash  particles  in  the  chamber  and 
prevent  them  from  leaving  with  the  flue  gas. 

The  burner  head  consists  of  a fuel  nozzle,  ceramic  vaporizing  tube 
(to  vaporize  the  oil),  ignition  spark  plug,  combustion  chamber,  and  flame 
scanner.  Fuel  is  completely  burned  In  the  combustion  chamber  before  the 
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combustion  gases  enter  the  larger  Incineration  chamber.  The  flame 
scanner  prevents  continued  fuel  Injection  In  the  event  that  Ignition  does 
not  take  place  or  the  flame  goes  out. 

Ash  removal  Is  through  a small  cleanout  access  panel  at  the  bottom 
of  the  door,  through  which  the  sludge  nozzle  Is  Installed. 

B.  Blower 

The  Incinerator  blower  Is  a high  pressure  blower  oapable  of  producing 
740  J1CFM  at  16  pslg.  In  addition  to  providing  combustion  atr  for  the  fuel,  It 
provides  cooling  air  for  the  combustion  chamger,  the  Incinerator  chamber 
door,  the  Incinerator  exterior,  and  the  exhaust  gases.  The  air  that  cools  the 
combustion  chamber  and  door  also  serves  as  combustion  air  for  the  organic 
matter  in  the  sewage.  A motorized  valve  controls  the  amount  of  air  flowwing 
to  the  fuel- fired  combustion  chamber. 

C.  Fuel  Pump  and  Fuel  Filter 

The  fuel  pump  and  filter  are  located  under  the  Incinerator  chamber, 

The  pump  Is  a fixed,  positive-displacement  gear  pump  directly  driven  by 
a motor.  The  filter  Is  a cartridge  type. 

D.  Instruments  and  Controls 

The  Instrumentation  and  controls  are  rather  complex  and  only  the 
highlights  will  be  presented  here.  For  greater  detail,  the  O&M  Manual 
should  be  consulted,  Operator  Interfacing  Instruments  and  controls,  (e.g., 
manual  switches,  Indicating  lights,  elapsed  time  meter)  are  located  In  a 
control  panel  box  mounted  on  the  side  of  the  Incinerator,  A temperature 
controller  ts  separately  mounted,  Other  Items  are  located  within  pipes 
In  the  processing  units. 

Primary  incinerator  control  Is  provided  by  the  temperature  controller, 
which  Is  an  Indicating  type  that  receives  signals  from  a thermocouple 
In  the  exhaust  stack.  The  proportional  band  control  1s  nullified  so 
that  on-off  control  around  a set  point  of  700°F  is  maintained,  using  a 
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variable  frequency  of  cycling.  The  controller  also  activates  low  and  high 
temperature  alarms. 

A simplified  sequence  of  automatic  operation  of  the  incinerator  Is 
as  follows.  Upon  signal  from  the  VCT,  Indicating  a sufficiently  high 
level  of  contained  sewage,  the  Incinerator  blower  Is  activated.  A com- 
bustion air  pressure  switch  senses  blower  operation  and  permits  a pro- 
grammed startup  sequence  to  occur.  After  a timed  Interval  during  which 
the  air  purges  potentially  explosive  vapors  from  the  Incinerator  chamber 
and  establishes  movement  of  gas  up  the  exhaust  stack,  the  burner  begins 
to  fire  (46  seconds).  The  spark  plug  Ignites  the  fuel  under  the  watchful 
(fire)  eye  of  the  flame  scanner.  If  Ignition  does  not  occur  within  seven 
soconUs,  fuel  valves  close.  When  stack  temperature  reaches  650-675°F, 
the  Incinerator  feed  pump  (VCT  effluent  pump)  starts  pumping,  providing 
compressed  air  Is  flowing  to  the  sludge  nozzle,  c.s  determined  by  a 
pressure  switch.  When  the  VCT  Is  satisfied  that  sufficient  sewage  has 
been  withdrawn  (and  Incinerated)  the  fuel  flow  ts  out  off  to  the  burner.  The 
blower  continues  to  supply  compressed  air  for  the  duration  of  a time  Interval 
empirically  preset  by  a time- delay  relay.  The  Incinerator  may  be  restarted 
during  this  post  purge  period. 

Small  Boat  Collection  Subsystem 

The  Jered  small  boat  MSD  Is  a special  type  of  Collection,  Holding  and 
Transfer  (CHT)  system,  there  being  neither  an  incinerator  as  In  the  Jered 
200- man  MSD,  nor  any  other  treatment  process.  It  Is  included  with  the 
discussion  of  the  Jered  MSD  not  only  because  of  similar  collection 
methods,  but  because  the  adaptations  and  hybridization  anticipated  for 
it  will  make  it  similar  to  that  of  the  larger  MSD. 

The  small  boat  vacuum  collection  subsystem  (SBCS)  uses  the  same 
principles  of  vacuum  transport  as  the  200-man  system.  In  fact,  It  uses 
the  same  commodes.  If  a urinal  were  to  bo  Installed  on  a small  boat,  the 
fixture  and  urine  discharge  valve  would  be  the  same. 


51 


) 

I 


The  type  of  equipment  used  In  the  SBCS  Is  similar  to  components 
found  In  household  appliances.  They  are  fairly  reliable  and  long  lasting 
but  for  continual  use  on  board  a Coast  Guard  vessel,  some  of  them  would 
be  upgraded  In  quality.  A prime  example  is  the  piping.  The  flexible 
plastic  tubing  and  plastic  fittings  In  the  current  design  would  be  replaced 
by  rigid  metal  piping  and  fittings, 

The  major  components  of  the  SBCS,  other  than  the  commode,  are: 

, Vacuum  collection  tank  (VCT) 

. Vacuum  pump(s)  and  anotllartes 

. Instruments  and  controls 

A.  Vacuum  Collection  Tank 

i 

The  VCT  is  available  in  four  sizes,  30,  60,  120  and  200  gallons. 

They  are  horizontal  cylinders  with  disked  heads.  The  sewage  connections 
are  through  two  Inch  ball  valves,  in  on  top  and  out  the  end,  at  the  bottom. 
The  small  line  to  the  vacuum  source  Is  protected  against  sewage  Inflow  by 
a float- operated  High- Lev'el- Shutoff  Assembly.  Liquid  level  switches  at 
either  end  of  the  tank  operate  a remote  qht  that  Indicates  high  level. 

An  external  level  sight  gage  and  a compound  pressure  gage  complete 
the  instrumentation. 

The  current  method  of  evacuation  is  through  the  use  of  compressed 
air  to  blow  the  contents  out.  If  the  SBCS  ts  hybridized  wiih  an  Incinerator 
or  even  an  evaporator,  a recirculating  macerator/transfer  pump  might  be 
added.  This  pump  would  provide  the  primary  or  backup  method  of  evacuation. 

B.  Vacuum  Pump  and  Anclllarles 

The  vacuum  pump  Is  an  oil- lubricated  rotary  vane  pump  close- coupled 
to  an  electric  motor.  It  oan  be  used  as  a compressor  as  well,  and  is  the 
source  of  compressed  air  required  during  VCT  blowout.  Inlet  and  outlet 
filters  are  provided  with  the  pump,  as  well  as  an  oil  reservoir/feeder. 
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The  filters  have  porous  stone  elements  housed  within  glass  jars.  The 
glass  jars  would  probably  be  replaced  by  metal  units  for  use  on  a Coast 
Guard  vessel 


A starting  switch  and  a vacuum  switch  control  the  vacuum  pump 
operation.  When  the  pump  Is  shut  down  because  of  adequate  vacuum 
In  the  tank,  a check  valve  prevents  air  and  oil  from  leaking  through  the 
pump  and  Into  the  VCT.  A charcoal  filter  cartridge  deodorizes  the  air 
evacuated  from  the  tank  by  the  pump.  It  Is  replaced  when  saturated,  as 
determined  by  the  detection  of  odor. 

One  vacuum  pump  of  a single  size  Is  supplted  for  all  sizes  of 
SBCS  tanks.  The  larger  tanks  simply  provide  more  holding  capacity  in 
terms  of  man-days.  Redundant  pumps  would  most  likely  be  installed  for 
use  on  board  Coast  Guard  vessels.  If  the  VCT  were  employed  in  a system 
that  has  subsequent  processing,  the  tank  would  be  used  for  its  vacuum 
function  only,  with  the  holding  function  replaced  by  some  process,  e.g., 
incineration,  evaporation.  In  this  event,  increased  vacuum  pumping  capa- 
city in  conjunction  with  one  of  the  larger  tanks  would  be  suitable  for  serving 
bigger  crews.  A larger  vacuum  pump  of  the  same  style,  made  by  the  same 
manufacturer,  is  available  with  a vary  slight  Increase  in  physical  dimensions. 

C.  Instruments  and  Controls 

In  addition  to  the  Instruments  and  controls  already  discussed,  one 
more  Item  is  required  and  Is  basic  to  the  subsystem,  i.  e.,  the  mode  valve. 
The  mode  valve  is  a five- part,  four- way  valve  that  reverses  the  direction 
of  atr  flow  (Into  or  out  of  the  VCT)  without  requiring  any  change  to  the 
vacuum  pump.  This  is  accomplished  by  connecting  the  discharge  or 
suction  side  of  the  pump  to  the  tank,  The  valve  is  a spool  valve  with 
sliding  O-Rlng  Seals,  manually  operated  by  a lever,  A possible  modifica- 
tion for  this  valve  Is  to  have  Its  operation  automated,  controlled  by 
a level  sensing  device. 
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JERED 

COMPONENT  PHYSICAL  CHARACTERISTICS 


Component 


Commode 

Urine  Dischg.  Valve 

Vac.  Collect.  Tank  * 
30  gal 
60  gal 
120  gal 
200  gal 
Vacuum  Pump 
0822 
1022 

Reclrc.  Maoer.  Pump 
Incin,  Feed  Pump  *’ 
Vac.  Coll.  Tank  Assy 
250  gal 
Incinerator 


Weight  (lbs) 

Volume 

Dry 

Filled 

cu  ft 

30 

31 

3. 1 

7 

8 

0.2 

• 

100 

266 

4.4 

175 

591 

8.7 

350 

1183 

18.1 

530 

2100 

33.5 

43 

•* 

1.0 

47 

m 

1.1 

125 

127 

1.0 

144 

147 

2.5 

5000 

6900 

165 

2000 

» 

102 

Dimensions  (inches! 


Length 

Width 

20.3 

16  dta 

- 

5.6  dia 

38 

16  dia 

48 

20  dia 

69 

24  dia 

72 

32  dia 

10 

10 

10 

10 

25 

7 

30 

9 

72 

60 

77 

36 

* Includes  tank  and  auxiliary  components  except  for  vacuum  pump(s), 
**  Included  in  250  gal  VCT  Assembly. 


COMPONENT  PIPE  CONNECTION  SIZES 


Commode 

Outlet  Pipe: 
Water  Supply: 

‘ 1 

1 1/2-inch  IPS 

1/2 -inch  ID  Hose 

Urinal  Discharge  Valve 

Inlet  and  Outlet: 

1 1/2-inch  IPS 

Vacuum  Tanks 

: 

Small  boat  VCT 

Inlet  and  Outlet:  2-inch  NPT  : 

Vacuum  Connection 

250  gal 

See  JERED  Dwg. 

H20118C001  (3  sheets) 

Vacuum  Pump 

0822  and  1022 

Inlet  and  Outlet: 

3/8 -inch  IPS 

Recirc.  Macerator  Pump 

Inlet: 

Outlet: 

3 -inch  NPT 

1 1/4-lnch  NPT 

Incinerator  Feed  Pump 

Vertical:  1 1/2-inch  NPT 

Horizontal  1 1/4- Inch  NPT 

(Flow  in  either  direction) 

Incinerator  (JERED) 

Sludge  Connection 

1/2-inch  NPT 

Compressed  Air 

1/4-lnch  NPT 

Stack 

8-inch  150-lb  steel  flange* 

Stuck  may  vary  in  size  depending  upon  installation. 


Component 


Vacuum  Pump  * 


COMPONENT  VESSEL  RESOURCE  REQUIREMENTS 


HP  Watts  Volts  Phase  Hertz  Amp.  Ci°imP'"*d  Fuel  011 

r All  vSCFM  Aix  SCFM  gph 


Vacuum  Collection  Assy. 
Vacuum  Pump  • 
Overboard  Pump 
Effluent  Pump 
Controls 

RecLre.  Macerator  Pump 

Incinerator  (JERED) 


Oil  Pump 
Controls 


250  eit. 


120/240 

120/240 


250  cst. 


10  max 
GO  1.0 


* Dual  vacuum  pumps  frequently  run  at  the  same  time . 

**  Combustion  blower  withdraws  720  SCFM.  Compartment  ventilation  required  is 
2700  SCFM  (per  incinerator) 


. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 
I - ADAPTABILITY  FOR 
M/E  SHIPBOARD  INSTALLATION 


MSD  IERED  Sheet  1 of 4 


M/e 

Factor/ 

Subfactor 

Ident.  No, 

INSTALLATION 

Characteristics 

INSTALLATION 
Attribute  Data 

Collect, /Transp,  1 
Subsystem 

Freat. /Disposal 
Subsystem 

12 

(1) 

MSD  materials  disallowed  oc  not  recommended. 

(ft) 

(a)  No  disallowed  or  not  recommonded  materials  present'  ' In  MSD  subsystem. 

(b)  Some  disallowed  or  not  recommended  materials  present  in  MSD  subsystem, 

but  resultant  problems  can  be  solved  or  compensated  for. 

(c)  Presence  of  disallowed  or  not  recommended  materials  lit  MSD  subsystem 

presents  problems  with  no  feasible  solutions. 

large.  J Small 
Boat  i Boat 

A 

1 

a | a 

! 

i 

i 

i 

...i 

13 

2t 

Extent  of  additional  support  systems  or  equipment  required  to  accommodate 

msdW 

Identification  of  support  system  requirements  for  MSD  subsystem. 

i 

i 

i 

i 

i 

i 

(0) 

Extent  of  fixture  modifications  requited  for  MSD  installation. 

(a)  MSD  uses  standard  commodes  and  urinals. 

(b)  MSD  uses  non-standard  commodes  and  special  equipment  Is  associated 

with  the  urinals. 

(c)  MSD  uses  non-standard  commodes,  special  equipment  Is  atsoclatcu  with 
tiro  urinals  and  each  fixture  has  additional  hook-up  requirements. 

CO  1 CO. 

1 

1 

b | b 

1 

1 

1 

1 

1 

N/A 

22 

Extent  of  flush  medium  supply  modifications  tequirad  for  MSI)  instnllniion, 

(a)  MSD  uses  sea  water  for  flushing  fixtures. 

(h)  MSD  uses  fresh  water  for  flusMng  fixtures. 

(c)  MSD  uses  a nou-aqueous  for  flushing  fixtures. 

1 

1 

1 

I 

1 

b 1 b 

1 

1 

N/A 

281 

(4) 

Hookup  requirements  for  MSD  Collectlon/Ttampqrt  subsystem  installation. 

(a)  MSI)  uses  standard  Colleetion/Ti.insport  subsystem. 

;b)  MJD  uses  recirculating  Collo».iion/Tranv{oit  subsystem/®) 

(c)  MSD  uses  iion-standatd  and  centralized  Collcction/Transport  subsystem. 

(d)  MSD  uses  non-standard  and  nou-centralized  Colluerlon/Transport 

subsystem.  (fi) 

(8)  ! (fl> 

1 

1 

1 

1 

C j 0 

1 

J 

N/A 

(1)  Ai  specified  In  subcluptnts  }&V  of  Merchant  Marine  Code  and  C,G,  MSD  regulations. 

(2)  For  purposes  of  tills  study,  C.G,  directs  choice  (a)  for  all  MSDs. 

(3)  Examples; 

, Firefighting  system  must  be  installed  with  incinerator. 

, Bilge  alarm  required  if  large  tank  Is  Installed  above  bilge. 

, Compressor  required  on  vessels  that  do  not  already  have  one, 

, Detectors  of  toxic  or  noxious  gases  should  bo  installed  with  any  system  that,  as  an  Inherent  design  feature.,  rises 
such  gases  in  processing  wastes. 

(4)  Drain  piping;  electric  cables  for  connecting  commodes,  M/T  pump  and  control  panel,  compressed  air,  etc, 

(5)  In  existing  gravity  drain  system. 

(U)  Includes  conversion  from  reduced  flush  vacuum  collection  to  a standard  gravity  drain  system  with  oc  without  recirculation. 


(7)  Fire  protection  equlpniem-.velitllatlon. 

(8)  Urinal  discharge  valves  reunited  (at  least  one  for  overy  15  urinals). 

(9)  Cables  for  electric  power  and  controls  (control  panel,  VCT).  eompiessod  air,  vacuum  lines,  fresh  water. 
(1°)  Electric  power,  electrical  controls,  fresh  water;  vacuum  lines  (has  own  compressed  air). 

57 


INSTALLATION 

Characteristics 


INSTALLATION 
Attribute  Dete 


Routing  flexibility  for  drain  piping  modifications^  Mioclated  with  MSD 
Colleotlon/Traniport  lubiyitem  lnstalladon(2) 

(a)  Routing  of  MSH  CoUecdon/Transport  piping  li  lilghly  flexible. 

(b)  Routing  of  MSD  Colleotlon/Traniport  piping  li  moderately  flexible  with 

tome  reitrlotloni. 

o)  Routing  of  MSD  Collecdoti/Traniport  piping  li  highly  Inflexible. 


Space  requirement!  for  MSD  CoUecdon/Traiuport  lubayitem  imullatlon 

(a)  Space  required  for  MSD  Collectlon/Trauipott  lubiyitem  Is  little  or  no  I 

greater  than  that  required  for  itandatd  Colleotlon/Traniport  lubiyitem.  . 

(b)  Space  required  for  MSD  Collccdon/Traniport  subsystem  li  moderately  N/, 

Increased  over  that  required  for  standard  CoUecdon/Transport  lubiyitem,  ’ 

(c)  Space  required  for  MSD  Collection/Transport  lubiyitem  li  much  greater  1 

then  that  requited  for  standard  Collcodon/Ttansport  lubiyitem, o I o 

234  Modularity  of  MSD  Collectlon/Traniport  lubiyitem  (ai  It  affects  Installation). 

(a)  Colleotlon/Traniport  subsystem  li  highly  modular.  , 

(b)  There  li  an  option  for  some  decentralization  of  the  MSD  Collection/  n/ 

Transport  subsystem,  j 

______  (c)  The  MSD  Colleotlon/Traniport  lubiyitem  li  highly  centralized.  c 1 c 

, (6i1  <7> 

236  Vent  requirements  lor  MSD  Collectlon/Traniport  subsystem  Imullatlon.  , 

(a)  MSD  CoUecdon/Traniport  subsystem  requites  no  vents,  I N/ 

(b)  MSD  Collection /Transport  lubiyitem  requires  few  vents.  b | b 

______  (e)  MSD  CoUecdon/Transport  lubiyitem  requires  many  vena,  , 

(1)  Of  the  three  relevant  oategoriei  of  roudng  llnei  (piping,  vendladon,  electrical),  piping  li  the  molt  Important  for 

assessing  ease  of  MSD  lnitalladon. 

(2)  Noteii 

. With  gravity  dr.  mage,  Unea  muat  always  slope  downward  and  require  vendng, 

. Smaller  size  lines  are  Inherently  more  flexible. 

. With  pump  or  vacuum  Collectlon/Traniport  luheyitem,  sharp  bendi,  rtieri  and  long  tutu  can  be  accommodated 
in  piping. 

(3)  Reitricdon  on  vertical  rlient  8-8  ft, 

(4)  VCT  and  vacuum  pump  with  seal  water  tank. 

(6)  Requires  leu  ipacei  two  vaouum  pumps  and  valves  are  reladvely  small. 

(6)  Vent  required  for  VCT  (connected  to  seel  water  tank). 

(7)  Vented  only  In  compartment. 
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. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 

I - ADAPTABILITY  FOR 
M/E  SHIPBOARD  INSTALLATION 


MSD  IE  RED  Sheet  3 of  4 


M/E 
Factor/ 
Subfactor 
Ident.  No. 

INSTALLATION 

Characteristics 

Attribute  Data 

Collect.  /Ttansp, 
Subsystem 

Treat,  /Disposal 
Subsystem 

242 

Hookup  requirements^  for  MSD  waste  Treatment/Disposal  subsystem 

Installation 

(a)  Pipe,  ducts  and/or  cable  requirements  for  the  MSD  Treatment/Disposal 

subsystem. are  minimal. 

(b)  Pipe,  ducts  and/ot  cable  requirements  for  the  MSD  Treatment/Disposal 

subsystem  are  moderate. 

(c)  Pipe,  duets  and/or  oable  requirements  for  the  MSD  Treatment/Disposal 

subsystem <are  extensive. 

Large  l small 
Boat  i Boat 

<8) 

b 

i 

l 

1 

N/A 

1 

243 

Degree  of  modularity  of  MSD  waste  Treatment/Disposal  subsystems  (as  It 
affects  installation)^) 

(a)  MSD  Treatment/Disposal  subsystem  is  highly  modular. 

(h)  There  is  an  option  for  some  decentralization  of  the  MSD  Treatment/ 

Disposal  subsystem. 

(c)  MSD  Treatment/Disposal  subsystem  It  highly  centralized. 

I 

1 

N/A 

1 

1 

(0) 

0 

244 

Vent  requirements  for  MSD  waste  Treatment/Disposal  subsystem  installation 

(a)  No  vents  are  required  for  MSD  Treatment/Disposal  subsystem, 

(b)  Vents  are  required  for  MSD  Treatment/Disposal  subsystem. 

1 

N/A 

4 

a 

248 

Exhaust  stack  requirements  for  MSD  waste  Treatment/Disposal  subsystem 
installation.  M 

(a)  Exhaust  staok  not  required  for  MSD  Treatment/Disposal  subsystem. 

(b)  Small  exhaust  stack  required  for  MSD  Treatment/Disposal  subsystem, 

(c)  Large  exhaust  staok  required  for  MSD  Treatment/Disposal  subsystem. 

1 

N/A 

1 

1 

0 

(1)  Piping  for  fuel  oil,  fresh  water,  cooling  water,  compressed  air,  Interconnecting  remotely  located  equipment,  overboard 
diachaige  line,  etc,  t electric  cablet  for  power  supply,  remote  paneli,  etc.  t ducting  for  ventilation,  etc. 

(2)  Decentralization  of  eomponenti  may  require  additional  hookups  and  piping  runt. 

(3)  Vents  that  are  only  internal  to  the  compartment  in  which  subsystem  is  located  are  not  considered  here. 

(4)  Notett 

. Electric  incinerator  requires  small  (2 ")  exhaust, 

. Fuel  Incinerator  requires  large  (10')  exhaust. 


(6)  Fuel  oil  day  tank,  compressed  air,  ventilation,  electric  power,  electrical  controls  (control  panel  mounted  with  incinerator 
pachage), 

(0)  Pallet!  zed. 


. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 
I - ADAPTABILITY  FOR 
M/fe SHIP-BOARD  .INSTALLATION 


MSD 


IE  RED 


Sheet  _4  of 4 


I’. 


M/E 
Factor/ 
Subfactor 
(dent.  No. 

INSTALLATION 

Characteristics 

INSTALLATION 
Attribute  Data 

Collect.  /Trantp. 
Subsystem 

26 

Sue  of  Installing  MSD  support  equipment^ 

Extent  of  additional  support  equipment  required  to  accommodate  MSD 

(a)  No  additional  support  equipment  required  for  MSD  subsystem. 

(b)  Some  additional  support  equipment  required  for  MSD  subsystem. 

(c)  Much  additional  support  equipment  required  for  MSD  subsystem. 

Large  , Small 
Dost  . Boat 

») 

b 

1 

tt  ) 4 

1 

^ Example!) 

. Fire  lighting  tyttem  trout  be  imtalled  with  Incinerator. 

. Bilge  alarm  required  if  large  tank  It  Imtalled  above  bilge. 

. Compressor  required  on  voneli  that  do  not  already  have  one, 

. Detector*  of  toxlo  or  noxlout  gatet  should  be  Imtalled  with  any  system  that,  as  an  Inherent  design  feature,  uses 
such  gases  In  processing  wastes. 

(?.)  hire  fighting  equipment). ventilation. 


. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


Ii  - PERFORMANCE 


MSD  J£RED 


M/K 
Factor/ 
Subfactor 
Ulont.  No. 


Sheet 1 of 


Attribute  Data 

Sol  lee  t.  /Tramp.  Treat,  /Disposal 
Subsystem  Subsystem 


System  cannot  haidle  gray  water 


otlt.  No.  Characteristics  Subsystem  Subsystem 

31 1 Effect  of  peak  hydraulic  loads  in  black^  water  stream  on  MSD  performance^  I jj*  (L 

(a)  No  significant  effect  of  black  water  peaks  on  MSD  subsystem  performance.  “Jq  {*)  a 

(b)  Effect  of  black  water  peaks  Is  of  short  duration,  with  temporary  lmplioa-  , 

tiom  for  MSD  subsystem  performauoe,  easy  to  ovetcomo.  b i b 

(o)  Long-term  effect  of  black  water  peaks,  difficult  to  overcome,  with  long-  I 

term  implications  for  MSD  subsystem  perfotmanee.  I 

_____  (d)  No  ability  of  MSD  subsystem  to  handle  black  water  peaks.  | _________ 

312  Effect  of  peak  hydraulic  loads  in  gray*1 2 * 4 * 6 7*  water  stream  on  MSD  performance  (2)  I 

(a)  No  significant  effect  of  gray  water  peaks  on  MSD  subsystem  performance.  N/,A 

(b)  Effect  of  gray  water  peaks  Is  of  short  duration,  with  temporary  Implications  s . dl 

for  MSD  subsystem  performance,  easy  to  overcome.  ' | ° y 

(e)  Long-term  effect  of  gray  water  peaks,  difficult  to  overcome  with  long-term 
implications  for  MSD  subsystem  performanoe, 

______  <d)  No  ability  of  MSD  subsystem  to  handle  gray  water  peaks,  \ ________ 

321  Effect  of  low  flow  condltlons/long  Id'o  timet  in  black  water  stream  on  MSD  ^ j W ^ 

performance^) 

(s)  No  significant  effect  of  black  water  low  flow  conditlont/long  Idle  times  on  I 

MSD  subsystem  performance.  a I a 

(h)  Effect  of  blaak  water  low  flow  conditions /long  idle  times  of  short  duration,  • 

with  temporary  implications  for  MSD  subsystem  performance,  easy  to 
overcome.  b 

(c)  Long-term  effect  of  black  water  low  flow  conditions /long  Idle  times,  , 

difficult  to  overcome,  with  long-term  Implications  for  MSD  subsystem  . 

performance,  i 

(d)  No  ability  of  MSD  subsystem  to  handle  black  water  low  flow  conditions/  I 

long  Idle  times,  i ________ 

(1)  Includes  instantaneous, hourly  and  doily  loads. 

(2)  Peak  load  handling  ability  depends  on  C/T  subsystem.  The  ability  of  an  MSD  wliioh  employs  an  Influent  surge  tank  to 

handle  peaks  usually  depends  almost  entirely  on  the  sizing  of  this  tank. 

(.1)  An  example  of  low  flow  condition  U when  75'Vj  of  the  crew  Is  not  on  board  vessel  for  a week  and  usage  rule  by 

tumaiiilng  23?*  of  crew  Is  normal.  Long  Idle  limes  are  on  the  order  of  several  weeks  of  virtually  no  usage  of  MSD. 

(4)  . Will  handle  large  peaks  unless  VCT  Is  close  to  being  foil. 

. Lot  of  flushing  results  in  vaouum  pumps  working  longer,  but  this  does  not  degrade  performance. 

(G)  Sludge  fed  At  a steady  rate  to  Incinerator. 

(6)  . Nothing  stays  In  vacuum  lines, 

. If  necessary,  VCT  has  bleed  line  for  aeration,  or  can  empty  tank  and  put  In  fresh  water  ot  disinfectant. 

(7)  , No  bleed  line  for  aeration. 

. If  tank  contents  go  septic  and  pressure  rises,  could  overload  charcoal  filter  and  produce  odors  In  compartment, 

, Can  pump  out  tank  and  replace  charcoal  filter. 

(U)  . If  sludge  in  Incinerator  Is  wet,  may  generate  odor  through  stack  when  execute  standard  30  see  air  purge  before 
firing  up  Incinerator, 

, Sludge  line  (betw.  en  VCT  and  inclneratoi)  cake  up  can  be  corrected  or  prevented  by  blowing  out  the  line  and 
cleaning  with  fresh  water;  corrective  aeration  may  require  disconnecting  the  line. 
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. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


II  - PERFORMANCE 


MSD  JERED 


Sheet  2 of 


Attribute  Date 


Effect  of  low  flow  conditions  Aong  idle  timet  in  gray  water  itteam  on  MSD 
performance^) 

(a)  No  significant  effect  of  gray  water  low  flow  conditions  Aong  idle  times  on 

MSD  subsystem  performance. 

(b)  Effect  of  gray  water  low  flow  condi  dons  Aong  idle  dmes  of  short  duration, 

with  temporary  implications  foe  MSD  subsystem  performance,  easy  to 
overcome. 

(c)  Long-term  effect  of  gray  water  low  flow  conditions /long  idle  dines, 

ifficult  to  oveicome  with  long-term  Implications  for  MSD  subsystem 
performance. 

(d)  No  ability  of  MSD  subsystem  to  handle  gray  water  low  flow  conditions /long 

Idle 


Ability  of  black  water  pordon  of  MSD  to  handle  additional  personnel  (on  « 
long-term  bails)!1 2*) 

(a)  MSD  blank  water  subsystem  will  liandle  additional  personnel  wldi  little  or 

no  degradation  in  petformancc. 

(b)  MSD  black  water  subsystem  will  handle  additional  personnel  with 
moderately  degraded  (but  still  barely  acceptable)  performance. 

(c)  MSD  blaok  water  subsystem  will  not  handle  additional  persumel 


Ability  of  may  water  portion  of  MSD  to  handle  additional  personnel  (on  a long- 
term basil)'3 4 * 6) 

(a)  MSD  gray  water  subsystem  will  handle  additional  personnel  with  little  ot  no 

degradation  in  performance, 

(b)  MSD  gray  writer  subsystem  will  handle  additional  personnel  with  moderately 

degraded  (but  still  barely  acceptable)  performance, 

(c)  MSD  gray  water  subsystem  will  not  handle  additional  personnel. 


(1)  An  example  of  low  Dow  condition  is  when  75 Vo  of  the  crew  Is  not  on  board  vessel  for  a wcok  and  usage  rate  by 

remaining  25%  of  crew  Is  normal,  Long  Idle  times  ate  on  the  order  of  several  weeks  of  virtually  no  usage  of  MSD. 

(2)  Resulting  In  long-term  Increase  In  average  black  water  stream  hydraulic  loading.  Tho  ability  of  an  MSD  which 

employs  a black  water  (or  sludgt  holding  tank  to  handle  additional  personnel  may  be  determined  by  the  size  of 
that  tank. 

(5)  Resulting  In  long-term  Increase  In  average  gray  water  stream  hydraulic  loading.  The  ability  of  an  MSD  which  employs 
a gray  water  (or  sludge)  holding  tank  to  handle  additional  punonncl  may  be  determined  by  the  size  of  that  tank. 


(4)  If  many  flushes  In  short  pertoti  of  time,  there  may  be  a shott  (0-10  min.)  delay  In  flushing  action  while  vacuum  pumps 
re-build  to  higher  pressure, 

(B)  VCT  can  handle  additional  personnel  (1/3  more  than  any  system  considered  in  study). 

(6)  in  small  boats,  Incinerator  feel  tank  sited  so  as  to  make  Incinerator  tun  at  maximum  rate. 
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M/E  II  - PERFORMANCE 


MSD  rERED Sheet  3 of  4 


M/E 
Factor/ 
Subfactor 
Idem.  No. 

Characteristics 

Attribute  uata 

Collect.  /Tramp, 
Subsystem 

Treat,  /Disposal 
Subsystem 

41 

Ability  of  black  water  handling  portion  of  MSD  to  operate  for  sustained  time 
periods 

(a)  MSD  blaok  water  lublystem  can  operate  for  indefinite  period  of  time  if  no 

components  fall,!1) 

(b)  MSD  black  water  subsystem  can  operate  for  only  limited  period  of  time, 

even  if  no  componena  fail.!2) 

Large  ! Small 
Boat  | Boat 

1 

l 

a a 

1 

1 

A 

43 

Ability  of  gray  water  hu  nting  poitlon  of  MSD  to  operate  lot  inquired  time 
period 

(a)  MSD  gray  water  subsystem  can  operato  for  indefinite  period  of  time  if  no 

components  fail.  0) 

(b)  MSD  gray  water  subsystem  oan  operate  for  only  limited  period  of  time, 

oven  if  no  componena  fail.  I2' 

1 

1 

1 

N/A 

System  cannot  lias 

1 

N/A 

die  gray  water 

SI 

Ability  of  MSD  to  handle  ground  garbage  In  black  water  Stream 

(a)  MSD  black  water  subsystem  will  handle  ground  garbage  In  black  water 

stream  on  a long-term  basil. 

(b)  MSD  black  water  subsystem  wlU  handle  ground  garbage  In  black  water 

stream  on  at  least  a short-term  bails. 

(c)  MSD  black  water  subsystem  will  not  handle  ground  garbage  in  black  water 

stream. 

1 1 

«>  1 <*) 

a j a 

1 

1 

1 

1 

(5) 

b 

52 

(3) 

Ability  of  MSD  to  handle  foreign  materials  /objects'  ' in  black  water  stroam 

(a)  MSD  subsystem  will  handle  foreign  materiali/objects  in  blaok  water 

stream  on  a long-term  basis. 

(b)  MSD  subsystem  wifi  handle  foreign  mrteriali/objecu  in  black  water 

stream  on  at  least  a short-term  basis. 

(c)  MSD  subsystem  will  not  handle  foreign  materials/objeots  in  Mack  water 

stream. 

(6)  | (0) 

1 

1 

1 

1 

1 

b J b 

(*> 

a 

(1)  AppUea  to  a T/D  lubeyitem  with  an  lnolnerator. 

( 2 ) AppUna  to  a T/D  subsystem  without  an  incinerator. 

(3)  Examnleit 

. Long,  narrow  objects  (pens,  pencil!,  toothplcki,  etc.) 

. Small  hard  object!  (nut  ihella,  pull  tab  from  a flip  top  can,  bottle  cape,  paper  clip*,  colm,  nuta/bolu/ 
acrewi/nalli,  cufflinks,  etc.) 

. Largo  10ft  object!  (paper  to  well,  newspaper  page,  stiff  and  ihtny  magazlno  page,  strings  from  a floor  mop, 
rag,  tantponi  and  military  napkins,  etc.) 

(4)  Ao  interface  device  it  required  to  direct  ground  gsrbage  slurry  into  vacuum  lines.  A urinal  diacharge  valve  can  be  uied 
for  this  purpoie. 


(6)  Particle!  in  garbage  (pieces  of  bone,  melon  pin,  piece!  of  meat,  etc)  may  clog  feed  line  or  ipray  no  rale  in  Incinerator 

necessitating  shutdown  or  cleanout. 

(8)  Toothpick!  may  Interfere  with  operation  of  urinal  dlschatge  velvet  magaalne  paper  may  interfere  with  operation  of 
commode  Alone,  63 

(7)  Only  if  imall  (ipray  noxsle  «lftco  ( 1/4"), 
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MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


II  - PERFORMANCE 


JERED 


M/E 
Faotor/ 
Subfactor 
Idem.  No. 
S3 


Sheet  _ 4 of  4 

Attribute  Data 

Collect,  /Tramp.  Treat,  /Dlrpoial 
Subi^nem  Subiyttem 


it.  No.  | Characteriitlc*  jj  Subynem  j Subiyttem 

Ability  of  MSD  to  handle  detergenu/iurfactanu  In  black  water  itream  on  a 
long-term  bad*. 

(a)  MSD  lubayitem  will  handle  dctetgenti/iutf&ctants  In  black  water  itream 
on  a long-term  belli. 

(b)  MSD  lubtyttem  trill  handle  detergenu/iurfactanu  In  blaok  water  Itream 
on  at  leait  a ihort-tcrm  baiti, 

(c)  MSD  tubiyitetn  will  not  handle  detergenu/iurfactanu  In  black  water  atream, 


Ability  of  MSD  to  handle  tnxlc  matetiala  In  blaok  watet  itream 

(a)  MSD  lubtyttem  will  handle  toxic  material!  In  black  water  itream  on  a 

long-term  baali. 

(b)  MSD  lubtyttem  will  handle  toxic  material!  In  black  water  itream  on  at 

leait  a ihort-term  baiti. 

(c)  MSD  lubayitem  will  handle  toxic  materlali  in  black  water  itream. 


Ability  of  MSD  aocondary  ernluiom  to  meet  applicable  rtandardi  for 
the  diacharge  of  air  pollnunu 

(«)  No  poulblllty  of  diaohorge  of  atgnifioant  air  pollution  from  MSD  tubayitem. 

(b)  MSD  lubayitem  will  meet  standard*  for  air  pollnunu  under  normal  oper- 

ating coudltioni. 

(c)  MSD  aubiyitem  wlU  meet  lUndatdt  for  alt  pollutant*  under  normal  oper- 

ating condition!  and  there  li  a itrong  poulblllty  of  non-cortformanoe  to 
lUndardi  under  unuiual  operating  condition!. 


Ability  of  MSD  secondary  emlialooi  to  meet  applicable  itandatdi  for 
disposal  of  oll-contamlnated  reilduet  at  ieA 

(a)  MSD  tuhaystem  ha*  no  potential  for  producing  oll-contamlnated  residue* 

at  *ea. 

(b)  MSD  subsystem  hai  a potential  for  producing  oll-contamlnated  tedduei 

at  sea. 


Performance  rlik  for  black  water  handling  portion  of  MSD 

(a)  MSD  blaok  water  lubayitem  has  a hlitory  of  fair  or  bettet  teit  reiulu. 

(b)  MSD  black  water  lubiyitem  lint  a history  of  poor  test  reiulu. 

(c)  No  teit  reiulu  ate  available  for  die  MSD  black  water  subsystem. 


Performance  ri*k  for  gray  water  water  handling  portion  of  MSD 

(u)  MSD  gray  water  luUyitcm  ha*  a hlitoiy  of  fair  or  better  teit  tetulu. 

(b)  MSD  gray  water  subsystem  has  a hUtory  of  poor  teit  tciulu. 

(c)  No  test  results  are  available  for  die  MSI)  gray  water  subsyitcm. 


(1)  Oil  type  vacuum  pump  life  reduced  If  foaming  waihei  out  olli  oil  and  detergenu  may  degrade  charcoal  filter  performance 
deeteaiing  recirculating  pumping  ability  and  odor  removal. 

(2)  Under  extMonlhrjy  or  improper  condition*,  incinerator  may  exhaust  pollutant*. 

(3)  If  Incinerator  1*  working  poorly,  aih  may  have  tome  ell  fnTt;  fatty  wastet  poiaible,  but  not  likely, 

(4)  Problem*  with  Incinerator  (pot,  fiameout,  under  certain  condition). 
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a 
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M/E 
Factor/ 
Subfactot 
Idem.  No. 

OPERABILITY 

Characteristics 

OPERABILITY 
Attribute  Data 

Collect, /Tramp.  | 
Subsystem  | 

Treat,  /Disposal 
Subsystem 

11 

Degree  of  automation  for  MSD  operation  M 

(a)  MSD  subsystem  ia  almost  ftiUy  automatic, 

(b)  MSD  subsystem  is  leml-automadoi  requires  infrequent  operator 

attention, 

(c)  MSD  subsystem  is  seml-automatlct  requites  a moderate  degree 

of  operator  attention. 

(d)  MSD  subsystem  is  semi-automatlct  requires  frequent  operator 

attention, 

(e)  MSD  subsystem  is  operated  manually. 

Large 

Boat 

Small 

Boat 

b 

. 

(4> 

c 

b 

12 

Ease  of  disposal  of  MSD  residue  (i/1^ 

(a)  MSD  subsystem  has  no  residues,  or  disposal  of  residues  from  MSD 

subsystem  is  very  convenient, 

(b)  Disposal  of  residues  from  MSD  subsystem  is  moderately  convenient. 

(o)  Disposal  of  residue*  from  MSD  subsystem  is  Inconvenient. 

(5) 

b 

(0 

a 

<U 

b 

14 

Likelihood  of  violating  e fluent  standards  because  of  procedural  errors  In  MSD 
operation/3) 

(a)  There  Is  virtually  no  chance  of  violating  effluent  standards  because  of 

procedural  errors  In  MSD  operation. 

(b)  There  is  a low  likelihood  of  violating  effluent  standards  because  of 

procedural  error  In  MSD  operation. 

(c)  There  Is  a fair  to  moderate  chance  of  violating  effluent  standards  because 

of  procedural  errors  In  MSD  operation. 

(d)  There  Is  a high  likelihood  of  violating  effluent  standards  because  of 

procedural  errots  In  MSD  operation, 

(8) 

b 

(8) 

b 

(») 

b 

23 

Skill  level  requirements  for  operator  of  MSD 

MSD  subsystem  complexity  tanking  from  1 to  5 

C 

. 

3 

24 

Training  requirements  for  operator  of  MSD 

MSD  subsystem  complexity  tanking  from  1 to  5 

C 

8 

U— 

3 

(1)  Residue  limy  by-product  of  normal  MSD  operation,  dUpoial  of  which  la  regular  operating  talk,  Examplai  are  aih 

produced  by  an  Incinerator,  teal  water  uied  by  vacuum  pumps,  waicewater  or  iludge  held  in  a tank,  evaporator 
residue,  etc, 

(2)  Length  of  time  required  fordlspoial  la  the  main  factor  contideredi  other  factors  are  ease  of  acccu  of  area  of  MSD 

containing  the  residue,  amount  of  residue  to  be  disposed  of,  and  ease  of  storing  residue  on  board  or  taking  if  off 
vossel,  as  appropriate, 

(3)  By  dumping  overboard  effluent  which  doesn't  meet  standards,  flush  oil,  evaporator  residue,  air  pollutants  from 

incinerator,  etc, 


(4)  No  automatic  disposal;  4-way  valve,  manually  operated, 

(5)  Seal  water  for  liquid  ring  pumps. 

(6)  No  residue 
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(7)  Incinerator  ndu  Make  sure  Incinerator  Is  cool;  remove  screws 
that  hold  end  plate:  remove  end  plate:  scoop  ot  scrape  out 
ashes  • should  be  dty, 

(S)  Must  misuse  2 sets  of  controls  (buttons  and/or  valves), 

(9)  Improper  operation  of  Incinerator  may  result  In  discharge  of 
air  pollutants, 


. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 
M/E  III  - OPERABILITY 


MSP  JERED Sheet  2 of  2 


M/E 
Factor/ 
Subfactor 
tdent.  No. 

OPERABILITY 

Characteristics 

OPERABILITY 

Attribute  Data 

Collect. /Transp. 
Subsystem 

Treat.  /Disposal 
Subsystem 

26 

Effect  of  MSD  operation  on  vessel  work  routines/ schedules 

(a) .  MSD  operation  hat  minimal  or  no  effect  on  work  routines/ schedules. 1 ' ; 

(b)  Effect  of  MSD  operation  on  work  routines/ schedules  it  more  than 

minimal  (1.  e. , It  moderate  ot  extensive). 

1 

1 

1 

\ 

a 1 a 

l 

\ 

a 

32 

Availability  of  specialized  ot  unique  consumables/  expendables  required  for 

MSD  operation 

(a)  No  specialized  or  unique  consumables  or  expendables  required  for  MSD 

subsystem  operation. 

(b)  Any  qreciallzed  or  unique  consumable*  or  expendables  required  for  MSD 

subsystem  operation  ate  available  from  ship's  Inventory. 

(c)  Any  specialized  or  unique  consumables  or  expendables  required  for  MSD 

subsystem  operation  are  available  from  Federal  Stock  System. 

(d)  Any  specialized  or  unique  consumables  or  expendibles  required  for  MSD 

subsystem  operation  ate  available  from  a oommerctal  source. 

Large  j Small 
Boat  i Boat 

i 

1 

a 1 a 

l 

1 

1 

1 

1 

! 

(8) 

d 

33 

Operating  requirements  for  special  or  unique  MSD  tupport  equipment 

(a)  No  spealal  or  unique  support  equipment  required  by  MSD  subsystem. 

(b)  Some  special  or  unique  support  equipment  required  by  MSD  subtyttemi 

equipment  requires  only  minimal  and  Infrequent  attention!2)  to  keep 
operational.  !3) 

(c)  Some  special  or  unique  support  equipment  required  by  MSD  subsvitemi 

requites  more  than  infrequent  attention  to  keep  operational.  !*> 

1 

i 

i 

a j a 

1 

1 

1 

1 

1 

1 

1 _ 

(6) 

b 

(1)  By  C.O.  direction,  (a)  applies  to  all  MSDi  considered  in  this  study. 

(2)  No  more  frequently  than  weekly  with  a duration  not  gteater  than  10  minuteai  or  more  frequently  titan 

semi-annually  with  a duration  of  2 hours. 

(3)  E.g..  firefighting  equipment,  special  transformers,  ozone  detector,  bilge  alarm, 

(4)  E.g..  compressor  Installed  to  support  MSD  operation. 

(5)  Incinerator  related  ltcim  (pot)  obtain  from  manufacturer  only, 
(li)  Fire  fighting  equipment  for  incinerator;  ventilation. 
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. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 
M/E  IV  - PERSONNEL  SAFETY 


MSD 

JERED 

Sheet 

1_°* fi_ 

M/E 
Factor/ 
subfaetor 
Went.  No, 

SAFETY 

SAFETY 

Attribute  Data 

Character!  tries 

Collect.  /Transp, 
Subsystem 

Treat.  /Disposal 
Subsystem 

11 

Haaird  of  conuct  with/ spillage  of  toxlc/dangeroui  tubitancei^  due  to  MSD 
Inherent  detlgn 

Large  1 Small 

JS£L  1 .ML, 

L - Likelihood  of  hazard 

(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chance 

(d)  Highly  likely 

1 

b 1 b 

1 

1 

a 

S * Severity  of  hazard 

' UT“U"" 

l 

(a)  No  resultant  Injury. 

(b)  Reiulti  In  injury  of  low  to  moderate  teverlty  requiting  first  aid  or  limited 

medical  treatment, 

(c)  Results  In  severe  injury  or  death. 

A 1 A 

l.— 

A 

C - Hazard  correction 

1 

(a)  Hazardous  situation  can  be  easily  corrected, 

(b)  Hazardous  situation  It  difficult  to  corcect, 

(u)  Hazardous  situation  cannot  be  corrected. 

a 1 a 

1 

_J 

a 

(i)  Examples! 

. Leakage  of  fumes  from  Incinerator  into  adjacent  berthing  and  working  spnoet, 

. Hydrogen  sulfide  (a  toxicant)  may  be  generated  in  towage  holding  tankt. 

, Fresh  water  connectioni  to  MSD  tubiyitemi  have  a potential  for  contaminating  the  vessel's  potable  water  tupply 
with  toxia/dangcrout  jubttanccj, 

. Sewage  contamination, 

. . The  following  pathogcnt  may  bo  tranimitted  through  tewagc. 

- Totanut  (bacteria) 

■ Typliold  (bacteria) 

- Dyientery  (bacteria) 

- Cholera  (bacteria) 

• Hopatitit  (virus) 

- PoUo  (virut) 

. . Possible  methods  of  infection  (a  healtliy  person  may  be  a carrier  t Infection  hazard  depends  on  a perron  'i 
toaiitance). 

- Ctal  (Atom  hand*  while  imoklng  ot  eating)  • the  moat  common  method  of  uarumittlng  enteric 

(lnteitinal)  diseases. 

• Through  breaki  in  akin  (cun,  abratlom,  torei). 

• Eyei  and  note  (form  handi). 


,1 


i! 

•1 


I 
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M/E 
Factor/ 
Subfactor 
Idem.  No. 

‘ f - 1 1 

Attribute  Data 

Characteristics 

Collect. /Transp, 
Subsystem 

Treat. /Disposal 
Subsystem 

Hazard  of  contact  due  with/ spillage  of  toxic/dangerous  substances^  due  to 
procedural  error/ equipment  failures  of  MSD 

Large  1 Small 

0) 

12 

Boat  | Boat 

1 (2) 

L • Likelihood  of  hazard 

I 

(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chance 

1 

1 

b | b 

b 

- 

S - Severity  of  hazard 

\ 

T 

— 

. (a)  No  resultant  Injury, 

i (b)  Results  in  Injury  of  low  to  moderate  severity  requiring  first  aid  or  limited 

a | a 

I 

a 

medical  treatment, 

1 

(c)  Results  in  severe  injury  o death. 

i 

1 C - Hazard  correction 

T 

i (a)  Hazardous  situation  can  be  easily  corrected. 

1 (b)  Hazardous  situation  It  difficult  to  correct. 

| (c)  Hazardous  situation  cannot  be  corrected. 

i 

0 a 

1 

1 

a 

(1)  Examnlcss 

, Leakage  of  fumes  from  Incinerator  Into  adjacent  borthlng  and  working  spaces. 

. Hydrogen  sulfide  (a  toxicant)  may  be  generated  In  towage  holding  tanks. 

. Froth  water  connections  to  MSD  subsystems  have  a potential  foe  contaminating  die  vessel's  potable  water  supply 
with  toxic /dangerous  substances. 

, Sewage  contamination. 

. . The  following  padiogcns  may  be  transmitted  through  sewage. 

- Tetanus  (bacteria) 

- Typhoid  (bacteria) 

- Dysentery  (bacteria) 

- Cholera  (bacteria) 

- Hepatitis  (virus) 

“ Polio  (virus) 

. . Possible  methods  of  Infection  (a  healthy  person  may  be  a oarrlcti  infection  hazard  depends  on  a person's 
resistance). 

■ Oral  (from  hands  while  smoking  or  eating)  ■ the  most  oommon  method  of  transmitting  enteric 

(internal)  diseases. 

■ Ttirough  breaks  in  skin  (cuts,  abrasions,  sores). 

- Eyes  mid  nose  (from  hands). 


(2)  Requites  multiple  failures.  In  small  boat,  collection  system  could  blow  tank  backwards,  blowing  gases  back 

through  commodes, 

(3)  , May  come  Into  contact  wldi  wet  sludge  when  removing  ash  from  Incinerator, 

. Leakage  of  fumes  from  incinerator  possible. 
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. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


PERSONNEL  SAFETY 


JERED 


Sheet 


SAFETY 

Characteristics 


Hazard  of  explosive  potential  for  operator/ maintainer  due  to  Inherent  MSD 
design 

L - Likelihood  of  hazard 

(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chance 

Jd2_  Highly_Ukely_  _ 

S - Severity  of  hazard 


(a)  No  resultant  Injury. 

(b)  Results  In  Injury  of  low  to  moderate  severity  requiring  first  aid  or  limited 

medical  treatment, 

(c2_  Results  in  severe  lnjury_ov  death, _ _ _ _ 

C - Hazard  correction 


(a)  Hazardous  situation  can  be  easily  corrected. 

(b)  Hazardous  situation  is  difficult  to  correct. 
tc)  Hazardous  situation  cannot  be  corrected. 


Hazard  of  explosive  potential  for  operator/ maintainer  due  to  procedural  errors/ 
equipment  failures  of  MSD 

L - Likelihood  of  hazard 

(a)  No  chance 

(b)  Highly  unlikely 

(c)  rn!r  to  even  chance 
idL.  flichly  likely  _ 

S - Severity  of  hazard 

(a)  No  resultant  injury, 

(b)  Results  in  injury  of  low  to  moderate  severity  requiring  first  aid  or  limited 

medical  treatment, 

jc)  .Resultsjn  severcjnjurjr « death.  _ ^ _ _ __ 


SAFETY 
Attribute  Data 


C • Hazard  correction 


(a)  Hazardous  situation  can  be  easily  corrected, 

(b)  Hazardous  situation  Is  difficult  to  correct, 

(c)  Hazardous  situation  cannot  be  corrected. 


MSD  JERED 


Sheet 


MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


M/E  IV  - PERSONNEL  SAFETY 


SAFETY 

Characteristics 


Hazard  of  fire  ignition  potential^  due  to  Inherent  MSD  deign 
I,  - likelihood  of  hazard 

(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chance 

Jd}  _ HighJ^likcly _ 

S - Severity  of  hazard 

(a)  No  resultant  Injury, 

(b)  Results  in  Injury  of  low  to  moderate  severity  requiring  lint  air  or  limited 

medical  treatment, 

_(c]  Results  In  severe  lnjjry  or  death,  __ 

C - Hazard  correction 


(a)  Hazardous  aituation  can  be  easily  corrected. 

(b)  Hazardous  situation  is  difficult  to  correct, 
i’c)  Hazardous  situation  cannot  be  corrected, 


Hazard  of  fire  ignition  potential^  due  to  procedural  errors/equipment  failure  of 
MSD 

L ■ Likelihood  of  hazard 

(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chance 

_ 

S - Severity  of  hazard 

(a)  No  resultant  injuty, 

(bj  Results  In  Injury  of  low  to  moderate  severity  requiring  first  aid  or  limited 
Jc)_Rea,UUn  se_vere_injm^  or  death,  __  __  _ 

C - Hazard  correction 


(a)  Hazardous  sltutntlon  can  be  easily  corrected, 
lb)  Hazardous  situation  Is  difficult  to  correct, 

(c)  Hazardous  situation  cannot  be  corrected. 


(1)  OU  used  for  flushing  Is  not  flammable  under  ordinary  conditions.  However,  at  high  temperatures,  e.g.,  in  the 
presence  of  a Are,  it  will  support  combustion, 


ri)  if  too  much  oi1  Is  ffed  into  Incinerator,  die  inflation  comes  away  from  combustion  chamber. 
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MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


MSD  JERED 


IV  - PERSONNEL  SAFETY 


SAFETY 


Characteristics 


Hazard  of  electrical  ihook  potential'  ' for  operator/malntainer  of  MSD 
L - Likelihood  of  hazard 

(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chance 

d}_Hl^hly_Ukel^ 

S - Severity  of  hazard 


(a)  No  resultant  Injury. 

(b)  Result*  In  injury  of  low  to  moderate  severity  requiring  first  aid  or  limited 

medical  treatment, 

c)_ResuU*  In  ievete_l_niur^  or_deatli1_____  ^ _____  

C - Haxatd  correction 


(a)  ' Hazardous  situation  can  bn  easily  corrected, 

(b)  Hazardous  situation  is  difficult  to  correct. 
Hazardous  situation  cannot  be  corrected. 


Physical  hazards  associated  v 1th  MSD  due  to  sharp  edges^ 
L - Likelihood  of  hazard 


(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chance 

d}_ Hi£hly_Ukely _ __  _ _ _______  ______  __ 

S - Severity  of  hazard 

(a)  No  tcsultunt  Injury, 

(b)  Results  in  injury  of  low  to  moderate  severity  requiring  tlrst  air  or  limited 

medical  treatment, 

c] __ keauUsjm  _s_e_vere_lnjwy  otdeadi^ ____________________  __________ 

C • Hazard  correction 


(a)  Hazardous  dtuadon  can  be  easily  corrected, 

(b)  Hazardous  situation  Is  difficult  to  correct. 

(c)  Hazardous  situation  cannot  be  corrected. 


ft)  Klee  trio  shock  may  result  In  severe  bums  and/or  death)  In  addition,  reaction  to  electric  shock  may  ctiue  affected 

Individual  to  be  thrown  aside,  possibly  subjecting  him  to  severe  Impact  Injuries  and/or  contact  with  iharge  edges/hot 
surfaces. 

(2)  Combined  effect  of  Injury  due  to  sharp  edges/points  and  sewage  contamination  may  Introduce  harmful  pathogens  into 
the  bloodstream  of  an  affected  Individual. 


Sheet  5 0f  __6_ 


SAFETY 
Attribute  Data 


M:5D  EFFECTIVENESS  ATTRIBUTE  DATA 
M/E  IV  - PERSONNEL  SAFETY 


MSD  I£RED 


Sheet  6 of  6 


(1)  Only  with  equipment  failure,  c.g.,  motor  overheat*. 

(2)  For  malnuiner, 

(3)  Vacuum  pump  ihaft  coupling*  are  guarded,  but  could  get  hand  under  guard.  Uelt  drivel  on  effluent,  tranafer  and 

grinder  pump*, 

(4)  Vacuum  pump  U dole  coupled, 

(6)  Blower  cb*e-coupled. 
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MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


M/E  V - HABITABILITY 


MSD JERED Sheet 1_  of  3 


M/E 
Factor/ 
Subfactor 
Ident.  No. 

HABITABILITY 

Characteristics 

HABITABILITY 

Attribute  Data 

Collect  /Ttansp, 
Subsystem 

Treat,  /Disposal 
Subsystem 

11 

Habitability  problems!1')  associated  with  bacterial  contamination  due  to  MSD 
inherent  design 

(a)  There  Is  no  bacterial  contamination  habitability  problem  due  to  MoD 

subsystem  Inherent  design  features. 

(b)  There  it  a bacterial  contamination  habitability  problem  due  to  MSD 

subsystem  Inherent  design  features. 

i g 

(3)  | 

1 

a a 

1 

.....  | 

a 

12 

Habitability  problems!1)  associated  with  bacmrlal  contamination  due  to 
procedural  errors/ equipment  failures  of  MSD12' 

(a)  A bacterial  contamination  problem  due  to  procedural  errors/ equipment 

failures  of  MSD  subsystem  Is  highly  unlikely. 

(b)  Procedural  errors/ equipment  failures  of  MSD  subsystem  are  likely  to  cause 

a bacterial  contamination  problem 

(4)  i (4) 

1 

1 

1 

a 1 a 

1 

1 

a 

21 

MSD  fixture  comfort 

(a)  , Commodes  amj  urinals  are  comfortable  and  easy  to  use  even  under  ship's 

motion. 

(b)  Commodes  and  urinals  are  not  comfortable  and  easy  to  use  under  ship's 

motion. 

1 

1 

a | a 

1 

N/A 

22 

Flushing  procedure  requirements  for  MSD  fixture 

(a)  There  are  no  “non-standard"  requirements  for  flushing, 

(b)  There  ere  "non-standard " requirements  for  flushing. 

1 

1 

1 

b 1 b 

N/A 

23 

Waste  retention  In  MSD  commode  bowl 

(a)  The  amount  of  waste  that  remains  tn  the  bowl  after  flushing  Is  leu  than 

that  remaining  after  flushing  a standard  hill  water  flushed  fixture, 

(b)  The  amount  of  waste  that  remains  In  the  bowl  after  flushing  is  the  same 

as  that  remaining  after  flushing  a standard  full  water  flushed  fixture. 

(c)  The  amount  of  watte  that  remains  in  the  bowl  after  flushing  is  more  than 

that  remaining  after  flushing  a standard  full  water  flushed  fixture. 

1 

1 

1 

1 

1 

b | b 

1 

N/A 

(1)  At  distinguished  from  problems  of  health  and  safetyi  likely  psychological  reactions  of  usen  are  a matter  for 

consideration. 

(2)  A vacuum  waste  collection  subsystem  la  lets  Ukely  to  expose  peitonnel  to  sewage  In  case  of  a line  break  than  a 

ptessud2ed  waste  collection  subsystems  fresh  water  connections  to  MSD  subsystems  have  a potential  for  contaminating 
the  vessel's  potable  water  supply. 

(3)  Even  If  blow  tank  It  backwards,  will  blow  alt,  not  sewage. 

(4)  The  JERED  MSD,  because  It  has  a sewage  vacuum  collection  system.  Is  less  likely  to  expose  personnel  to  sewage  In 

caae  of  a line  break. 
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MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


Characteristics 


Likelihood  of  user  contact^  with  MSD  fixture  flushing  medium 

(a)  User  Is  unlikely  to  come  Into  contact  with  flushing  medium. 

(b)  User  Is  more  likely  to  come  Into  contact  with  flushing  medium  than  with 

standard  water  flushed  fixture. 


Appearance  of  MSD  fixture  flushing  medium 

(a)  The  'color  and  general  appearance  of  the  flushing  medium  is  as  acceptable 

as  clear  water, 

(b)  The  color  and  general  appearance  of  the  flushing  medium  are  acceptable, 

but  clear  water  is  preferable. 

(c)  The  color  and  general  appearance  of  the  flushing  medium  are  not 

acceptable. 


Noise  produced  in  flushing  MSD  fixtures 

(a)  The  noise  produced  in  flushing  fixtures  Is  lets  than  that  of  a standard 

commode/urinal. 

(b)  The  noise  produced  in  flushing  fixtures  it  the  same  at  that  of  a standard 

commode/urinal. 

(c)  The  noise  produced  in  flushing  fixtures  is  greater  than  that  of  a standard 

commode/urinal. 


Odors  produced  as  a result  of  Inherent  MSD  design 

(*)  il.e  MSD  subsystem  produces  no  odor  at  a result  oi  Inherent  design. 

(b)  The  MSD  subsystem  produces  a noticeable  odor  aa  a result  of  Inheient  design. 


Odort  produced  aa  a result  of  procedural  errors/ equipment  failures  of  MSD 

(a)  The  MSD  subsystem  produces  no  odor  as  a result  of  procedural  titan/ 
equipment  failures. 

(o)  The  MSD  subsystem  produces  a noticeable  odor  as  a result  of  procedural 

enots/cqulpment  failures. 

Heat  generation  for  nearby  personnel^  due  to  inherent  MSD  dealgn 

(a)  As  a result  of  Inherent  design  features,  the  MSD  subsystem  does  not  generate 

enough  heat  to  render  Its  vicinity  hotter  than  most  Shipboard  areas 
containing  machinery, 

(b)  At  a result  of  inherent  design  features,  the  MSD  subsystem  does  generate 

«no"«h  heat  to  render  Its  vicinity  hotter  than  most  shipboard  areas 
containing  machinery. 


(1)  Due  to  flushing  medium  composition,  fixture  design,  motion  of  vessel  (which  may  cause  splatter,  splathlng,  or 

•pillage  of  flushing  medium), 

(2)  For  'ipcrator/maintalner/adjacent  berthing  and  working  areaa, 


(3)  The  JERED  MSD,  became  It  has  a sewage  vacuum  collection  system,  is  lew  likely  to  exponae  personnel  to  towage 

in  caae  of  a line  break. 

(4)  Ammonia  odor  6cm  teal  water  tank. 

(5)  If  charcoal  Alter  is  depleted, 

(0)  If  sludge  In  Incinerator  Is  wet  ot  ftiel  leaks. 


. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


V-  I-IABITABILITY 


JERED 


M/E 
Factor/ 
Subfactor 
Went.  No. 


HABITABILITY 

Characteristics 

.(U  


42  Heat  generation  for  nearby  personnel  due  to  procedural  errors/ equipment 
failures  of  MSD. 

(a)  The  MSD  subsystem  does  not  generate  enough  heat  as  a result  of 

procedural  etrors/ equipment  failures  ro  render  its  vicinity  hotter  than 
most  shipboard  areas  containing  machinery, 

(b)  The  MSD  subsystem  does  generation  enough  beat  as  a result  of 

procedural  errors/ equipment  failures  to  render  its  vicinity  hotter  than 
_____  most  shipboard  ateas  containing  machinery, 

5 Noise  level  for  personnel  In  vicinity  of  MSD* ^ 

NI  - Noise  Index 

(a)  The  MSD  subsystem  is  silent  or  neatly  silent. 

(b)  Noise  level  of  MSD  subsystem  is  approximately  equal  to  background 

noise  level  of  vessel. 

(c)  The  MSD  subsystem  is  very  loud,  produces  constant  noise,  drowns  out 

vessel  background  noise  in  Immediate  area  of  the  system;  must  shout 
to  be  heard. 

6 Vibration  levels  for  nearby  personnel*1 2 3^  produced  by  MSD  machinery 
VI  r Vibration  Index 

(a)  MSD  subsystem  produces  little  or  no  perceptible  vibration  in  addition  to 

background  Level  on  vessel. 

(b)  MSD  subsysrem  produces  perceptible  vibration,  but  similar  to  vessel 

background. 

(c)  MSD  subsystem  produces  abnormal  or  disturbing  intensity  and/or 
frequency  of  vibration. 

7 Effect  of  MSD  on  uset  housekeeping  routines  (restrictions  on  user  imposed  by 
subsystem8). 

(a)  Subsystem  characteristics  do  not  impose  restrictions  on  user. 

(b)  subsystem  chataotatiadot  impose  restrictions  on  user.  _______ 

(1)  For  operatm/maintairier/ adjacent  berth  and  working  areas, 

(2)  E.  g,  . Must  use  water-soluble  toilet  paper  which  is  not  as  comfortable  as  usual 

toilet  paper, 

. Must  use  special  bowl  cleaner  which  is  leas  effective  then  usual  cleaner 
. Cannot  dump  detergents  down  galley  sink;  roust  store  and  off-load  »t  short, 

(3)  incinerator  blower  produces  fairly  high  pitched  noise. 


Sheet 

3 of  3 

HABITABILITY 

Attribute  Data 

Collect,  /Transp. 

Treat,  /Disposal 

Subsystem 

Subsystem 

Urge  1 Small 

Boat  | Boat 

1 

a , a 

1 

1 

1 

| 1 
1 

b 

I 


r*  - ' s"  T 
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MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


VI  - RELIABILITY 


JERED 


Sheet  1 of 2. 


RELIABILITY 

Attribute  Data 


RELIABILITY 

Characteristics 


MSD  complexity 

Complexity  index  of  MSD  subsystem  bated  on  a complexity  ranking  from 
1 to  G. 


Extent  of  MSD  equipment/component  redundancy^ 

(a)  There  is  some  significant  redundancy  in  the  MSD  subsystem's  major 

components. 

(b)  There  is  no  significant  redundancy  in  the  MSD  subsystem's  major 
' components. 


Degree  of  equipment  failure  independence'  ' 

(a)  There  is  a ltigh  degree  of  equipment  failure  Independence  In  MSD 

subsystem. 

(b)  There  Is  a moderate  degree  of  MSD  equipment  failure  Independence  In 

MSD  subsystem. 

(c)  There  Is  a lev/  degree  of  equipment  fallute  independence  in  MSD 

subsystem. 


Adequacy  of  MSD  equipment  ratings 

(a)  Most  MSD  subsystem  equipments  are  overrated, 

(b)  Some  MSD  subsystem  equipment  ratings  are  nominal,  some  are  overrated, 
(o)  Some  MSD  subsystem  equipments  ate  underrated,  some  are  nominally 

rated. 

(d)  Most  MSD  subsystem  equipments  are  underrated. 


Provisions  for  fault  actuated  cut-off  mechanisms^)  for  MSD  protection 

(a)  There  arc  rnunv  fault  actuated  mechanisms  In  MSD  subsystem,  or  they  arc 

not  required.''1) 

(b)  There  are  some  fuult  actuated  mechanisms  in  MSD  subaystem. 

(c)  There  arc  no  or  almost  no  fault  actuated  mechanisms  In  MSD  subsystem. 


Reliability  risk  for  MSD(5) 

(a)  MSD  subsystem  lias  a history  of  fair  or  better  test  results, 

(b)  MSD  subsystem  has  a history*  of  poor  test  results. 

(c)  No  test  tcsults  arc  available  for  MSD  subsystem. 


(.1)  Any  redundancy  In  electronic  circuitry  is  not  considered. 

(2)  t.e.,  failure  of  one  item  will  not  result  In  failure  of  major  component  or  subsystem. 

(3)  includes  mechanisms  to:  (1)  alert  operator/malniulncr  to  high  stress  or  abnormal  conditions  dint  will  result  In  failure, 

and/or  (ill  to  correct  those  conditions  or  Uirn  off  equipment. 

(d)  E.g,,  standard  commodes  and  urinals  in  a gravity  drain  sewage  collection  subsystem  do  not  require  fault  actuated 
cut-off  mechanisms. 

(5)  E.g. , Innovative  design,  experience. 


((I)  . Dual  vacuum  pumps. 

. Transfer  dump  pump  and  discharge  are  interchangeable. 

, Compressed  air  for  blowing  out  tank  in  ease  of  vacuum  pump  failure. 
1'ootuotcs  continued  on  following  page.  76 
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(7)  Vacuum  pumps, 

(8)  Sludge  nozzle  hat  12  holes, 

(9)  . Vacuum  pump  failure  disables  C/T  system 

. If  seal  water  level  becomes  too  low,  vacuum  stops  pump, 

, If  seal  water  becomes  too  hot,  vacuum  is  reduced. 

. level  sensing  probes  get  contaminated  and  do  not  measure  level  properly, causing  grinder  pump  to  pump, 
tank  empty. 

(10)  . Vacuum  pumps  failure  makes  flushing  impossible. 

, Four  way  valve  failure  results  in  loss  of  flushing  capability  or  inability  to  empty  VCT. 

. Lubricator  failure  (lubrlcatot  not  kept  full)  results  In  accelerated  vacuum  pump  wearout, 

, If  filter  clogs,  performance  is  degraded. 

(11)  . blower  failure  renders  incinerator  inoperative, 

. If  grinder  pump  falls,  cannot  use  incinerator, 

(12)  . Vacuum  pumps  overrated  for  leu  than  200  men, 

, Grinder  pumps  overrated. 

(13)  . Incinerator  pot  underrated, 

(14)  • If  vacuum  pumps  run  for  more  than  20  minutes  continuously,  alarm  goes  off  (Indicates  probable  leak  in 

vacuum  system), 

, Commode  sewage  discharge  valve  fails  closed  If  spring  fails, 

. Level  sensor  In  seal  water  tank, 

. If  grinder  pump  runs  continuously  for  more  than  20  minutes* timer  cuts  It  off  or  Indicates  by  alarm, 

(15)  Two  level  switches  - If  one  twitch  fails,  there  it  a high  level  itut  off  assembly,  similar  to  a float  valve, 

that  will  prevent  sewage  from  teaching  vacuum  pump. 

(16)  . Flame  scanner;  overtemperature  sensor, 

. Sludge  cannot  be  fed  into  inalnerator  while  Incinerator  is  cold  since  compreued  air  pressure  must  be 
sufficiently  high  in  order  to  open  sludge  feed  line, 

, Pressure  twitch  for  blower  stops  fuel  oil  from  being  fed  to  inolnerator. 

(17)  Due  to  presence  of  Incinerator  (problems  with  incinerator  pot). 
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. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


M/E  VII  - MAINTAINABILITY 


MSD  IERED Sheet 1 of  2 


M/E 
Factor/ 
Subfactor 
Idem.  No. 

MAINTAINABILITY 

MAINTAINABILITY 
Attribute  Data  1 

Characteristics 

Colt  act.  /Tramp. 
Subsystem 

Treat. /Disposal 
Subsystem 

131 

Accessibility  of  replaceable  MSD  components 

IhShHN 

(6) 

EH 

■ 

(a)  High  dagree  of  accessibility  In  MSD  subsystem  components. 

(h)  Moderate  degree  of  accessibility  In  MSD  subsystem  components, 

(c)  Low  degree  of  accessibility  In  MSD  subsystem  components. 

b 

132 

Extent  of  MSD  modularization  for  esse  of  repair /replacement 

i 

d) 

(8) 

(a)  High  degree  of  MSD  subsystem  modularization. 

(b)  Moderate  degree  of  MSD  subsystem  modularization. 

(o)  Low  degree  of  M5D  subsystem  modularization. 

i 

c 

0 

c 

133 

Degree  of  MSD  re  payability  on  board  vessel. U) 

(9)  1 

1 

(10) 

(a)  All  MSD  subsystem  Items  are  repairable  on  vessel. 

(b)  Some  MSD  subsystem  Items  ore  repairable  on  vessel)  some  must  beteplaced. 
(o)  All  MSD  subsystem  Items  must  be  replaced. 

1 

b 1 

1 

A 

b 

134 

AyailabUlty  of  manufacturer  Held  support  and  uainlug  programs  fot  MSD 

(a)  Manufacturer  Held  support  and  a training  program  Is  available. 

(b)  Manufacturer  Bold  support^)  Is  available  but  no  training  program  Is 

available. 

(c)  Manufacturer  training  program  is  available  but  fleld  support  Is  nor. 

available. 

(d)  Neither  fleld  support  not  training  program  are  available  from  manufacturer. 

1 

0 1 

1 

1 

| 

n 

0 

142 
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Special /proprietary'  ' item  requirements  for  MSD  equipment  repair 

(U)(12)| 

(HXU) 

(14) 

(a)  No  special  Items  required  for  any  MSD  subsystem  repairs. 

(b)  Some  special  items  required  fot  some  MSD  subsystem  repairs. 

(c)  All  items  requited  for  MSD  subsystem  repairs  Are  special  Items. 

1 

b 

b 

b 

(1)  Versus  necessity  fot  replacement  of  failed  oquiptnem. 

(2)  May  Include  some  limited  training  support  during  initial  MSD  Installation. 

(3)  E.G. , Incinerator  pots,  Alton  versus  ttnndard  supply  parts. 

(4)  Mutt  remove  commode  to  access  flush  mechanism)  commodes  held  in  place  by  four  mounting  bolt*. 
(!i)  . To  wees*  level  sensors,  mutt  late  vacuum,  remove  flange  holts  from  tank, 

, Grinder  and  otlicr  pumps  are  very  heavy  - need  crane  to  Uft. 

(0)  Blower  Is  heavy  tliough  well  exposed  - possible  to  disaster  lile  In  place  by  removing  blower  housing. 

(7)  filters  ate  cartridge  type. 

(8)  spark  plug  screws  In  and  out,  but  not  quickly. 

(0)  . Solid  state  modules  must  be  replaced. 

. Water  dispensing  valve  It  throw  away  item. 

. Could  repair  vacuum  pumps  on  vessel  * alignment  Is  difficult  on  vessel. 

(10)  Sensors  and  Incinerator  Urn  > must  be  replaced. 

(11)  Commodes,  urinals  and  discharge  valves  are  special, 

(12)  level  tensor  (and  associated  links)  for  large  VCT. 

(13)  High  lcvcj  strut  off  assembly  may  be  special. 

(14)  . Sludge  nozzle  may  be  special. 

. Combustion  liner  it  a ceramic  cylinder  of  special  dimensions  * possibly  a cataloguo  Item. 

. Incinerator  pot  special  item,  _ „ 


. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


/II  - MAINU 


MSD  JERED 


MAINTAINABILITY 

Characteristics 


Effect  of  MSD  preventive  maintenance  on  witolutander  routlnei 

(a)  Mo  effect  on  watchstander  routlnei.  ^ 

(b)  There  is  some  effect  on  watchrtander  routlnei. 


Special  docking  requirements  for  MSD  oveihauls 

(a)  Thera  are  no  special  docking  requirements  for  the  MSD.  ^ 

(b)  There  are  special  docking  requirements  for  the  MSD. 


logistic  requirements  for  MSD 

(a)  No  special  parts  are  required  for  the  MSD  subsystem. 

(b)  few  different  categories  of  special  parts  are  required  fot  die  MSD 

subsystem  and  there  are  few  ports  In  each  category. 

(c)  Few  different  categories  of  special  parts  are  required  for  the  msd  subsystem 

but  many  parts  of  each  type  are  required,  or  many  different  categories  of 
special  parts  are  required  but  there  arc  few  parts  In  each  category. 

(d)  Many  different  categories  of  parti  are  requited  for  the  MSD  subsystem  and 

these  Is  a largo  number  of  parti  in  each  category. 


(i?  By  C.G.  direction,  this  applies  to  all  MSDs  considered  In  this  study. 
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MAINTAINABILITY 

Attribute  Data 


Treat.  /Disposal 
Subsystem 


JERED 

EQUIPMENT  AND  INITIAL  SPARES  ACQUISITION  COSTS 


Equipment 

Equipment 

Cost 

Cost  of  Associated 

Inital  Spares  Package 

Commode 

$ 300 

■ 

$ 300(®) 

Urinal  Disch.  Valve 

300 

150^ 

VCT  (v/ith 
associated 
equipment 
and 

controls) 

30  gal,  (Small  Boat) 

5,000 

400^J 

60  gal.  (small  Boat) 

5,  000 

400fa) 

120  gal.  (Small  Boat) 

6,000 

500(W 

200  gal.  (Large  Boat) 

20, 000 

1,200^ 

250  gal.  (Large  Boat) 

20, 000 

1,  200(b) (c) 

Incinerator  (deluding 
incinerator  aontrolfl) 

33, 000 

8,250^* 

Note: 

1.  Please  supply  cost  estimates  for  each  equipment  based  on  a 
production  run  of  up  to  100  units, 

2.  All  cost  estimates  are  to  be  based  on  1976  costs. 

3.  Identify  recommended  contents  of  Initial  Spares  Package 
associated  with  each  equipment. 


(a)  Manufacturer  recommends  one  initial  spares  package  for  every 
5 associated  equipments  on  board  the  vessel. 

(b)  Manufacturer  recommends  one  Initial  spares  package  for  every 
associated  equipment  on  board  the  vessel. 

(c)  Includes  the  cost  of  one  Incinerator  liner  (Inconel  601  at  $6,  500) 
which  was  not  included  in  cost  provided  by  manufacturer.  A 
new  incinerator  liner  (Inconel  671  at  $7,  800)  is  currently  being 
evaluated  by  the  Navy. 
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OSRECTIVE  (UNSCHEDULED)  MAINTENANCE  CHARACTERISTICS  AND  COST  ESTIMATES 
(Based  do  100%  Utilization  Factor) 
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laui  information  was  not  available  from  manufacturer  for  all  subsystems  and  capacities,  a 2 -year  overhaul  i 
for  all  subsystems. 


MSD  MAJOR  OVERHAUL  CHARACTERISTICS  AND  COST  ESTIMATES 


Since  overhaul  information  was  not  available  from  manufacturer  for  all  subsystems  and  capacities*  a 2- year  overhaul  Interval  is 
assumed  for  all  subsystems. 


PARIS  CONSUMED  I TOTAL 


plug  fuel  nozzle  and  vaporizing  |j  4*  j -30  { I-UJC2|  fi.27  I 0.5  I 3.14  0 Burner  head  perts  j 1 I 64.00"  j 64.00  67.14 


TICS  AND  COST  ESTIMATES 
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GATX  EVAPORATIVE  TOILET  SYSTEM  (ETS) 


n 


PRINCIPLES  OF  OPERATION 

The  GATX  Evaporative  Toilet  System  (ETS)  is  a "no  discharge"  system 
that  is  characterized  by  four  basic  features.  It  utilizes: 

. Reduced  volume  flush  commodes  and  urinals  (also  called  controlled 
volume  flush  (CVF)  water  closets  and  urinals). 

. Transport  of  wastes  by  macerator/transfer  (M/T)  pumps. 

. Evaporation  of  the  water  content  of  the  concentrated  sewage. 

. Holding  of  residual  sludge  in  evaporator  for  subsequent  disposal, 
either  to  pier  connection  or  overboard. 

Because  the  flush  fluid  requirement  is  small  (about  1.5  gallons  per  capita 
per  day  (gpcd)  rather  than  8,5  gpod),  this  system  is  practical  with  fresh 
water  as  well  as  sea  water  flushing.  The  penalties  involved  with  the  use  of 
fresh  water  flushing  are  offset  in  part  by  the  reduced  corrosion  and  lower 
residual  volumes  in  the  evaporator.  Thus,  the  evaporator  can  be  smaller  or  be 
used  for  longer  periods  of  time  without  unloading. 


The  MSD  is  fully  automatic  except  for  periodic  servicing  of  the  evapo- 
rator, involving  pumping  out  the  sludge,  and  rinsing  and  refilling  the  evapo- 
rator with  the  initial  charge  of  fresh  water. 

i.i 


The  collection  subsystem  lr  required  to  be  operational  at  all  times  to 
provide  toilet  facilities  for  the  crew.  Since  the  sewage  transport  pumps  are 
decentralized,  only  one  M/T  pump  and  the  urinals  and  commodes  that  drain 
to  it  need  be  kept  operational,  if  minimal  facilities  are  required.  While  at 
pierslde  or  beyond  restricted  waters,  the  M/T  pump  discharge  can  be  diverted 
to  the  pier  connection  or  overboard  in  a simple  MSD  system.  Where  multiple 
evaporators  necessitate  an  intermediate  feed  tank,  diversion  of  raw  sewage 
off  the  vessel  is  effected  by  a transfer  pump,  taking  the  wastes  from  the  feed 
tank.  A functional  block  diagram  of  the  GATX  Evaporative  Toilet  System  appears 
in  Figure  8 . 
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ELECTION  SYSTEM  j 


Figure  8 

GATX  EVAPORATIVE  TOILET  SYSTEM 


SYSTEM  DESCRIPTION 


\ 


For  ease  of  description  and  visualization  of  hybrid  WMS,  the  GATX  MSD 
is  presented  as  two  subsystems:  collection  and  treatment/disposal. 

Collection  Subsystem 

The  collection  subsystem  Is  comprised  of: 

. Special  commodes 

. Standard  urinals  with  modified  flushometers 

. Macerator/transfer  pump(s) 

. Controls 

A.  Commodes 

The  commode  is  a vitrlous  china  unit  that  uses  a swlng-away  discharge 
valve,  instead  of  a trap,  to  seal  off  sewer  odors  or  gases.  This  permits  an 
effective  flushing  action  with  a minimal  water  volume  on  the  order  of  one 
quart.  Before  defecation,  the  user  actuates  the  flushometer  by  hand  to 
dispense  one  pint.  This  water  minimizes  soiling  of  the  bowl  and  release  of 
odor  during  usage.  After  usage,  a pedal,  mounted  on  the  commode,  is 
actuated.  This  operation  opens  the  swlng-away  flapper  valve,  releasing  the 
contents  of  the  bowl.  An  actuating  cable,  attached  from  the  pedal  linkages 
to  the  flushometer  handle,  causes  the  flushometer  to  release  another  pint  to 
wash  down  the  bowl  while  the  flapper  valve  is  open.  After  the  valve  closes, 
the  small  amount  of  water  draining  from  the  supply  passageways  effects  a 
water  seal  between  the  valve  and  the  c .3 charge  port.  The  discharged  wastes 
flow  by  gravity  into  a short  three  or  four  inch  diameter  sewer  which  is  con- 
nected to  the  inlet  of  a macerating/transfer  (M/T)  pump. 

Built  into  the  pedal  flush  mechanism  is  a switch  which  actuates  the 
MA  pump  through  a time- delay  relay  and  contactor.  The  pump  operates  for 
ten  seconds  after  each  actuation.  As  many  bb  four  commodes  may  be  hooked 
up  to  one  pump;  each  flush  mechanism  can  actuate  the  pump. 


100 


B.  Urinals 


The  urinals  are  standard  units  with  special  flushometers . Wastes  from  the 
urinals  discharge  into  the  M/T  pump  inlet  pipe.  Several  arrangements  of  the  flusho- 
meter  have  been  used,  designed,  and  proposed.  The  original  flushometer  design  used 
on  the  Navy's  MONOB  was  a timed  solenoid  valve,  push -button operated.  An 
electrio  counter  actuated  the  M/T  pump  after  five  urinal  flushes.  The  current 
design,  which  is  assumed  for  this  study,  calls  fora  special,  manually  operated 
flushometer  with  an  electrical  switch.  The  switch  can  optionally  actuate  the 
M/T  pump  after  each  flush,  or  after  several  flushes.  If  the  sowage  piping  is 
installed  in  a continually  descending  arrangement,  the  urinal(a)  can  drain 
through  a pump  that  is  not  operating,  providing  no  other  M/T  pump  is  running. 

One  operating  pump  pressurizes  the  discharge  line  and  cIosbb  the  check  valves 
on  all  other  M/T  pumps,  thereby  preventing  gravity  drainage  from  a urinal. 

C.  MaceratorAransfer  (M/T)  Pump 

The  MA  pump  is  a close -coupled  grinder  pump  and  motor  that  was 
originally  designed  for  submerged  sewage  service . The  inlet  adapter  can  be 
chosen  to  accept  3-or  4-inch  suction  piping.  Discharge  is  through  a 1-1/4  inch 
screwed  pipe  connection.  A rotating,  hardened  impeller  tip  cuts  up  solids 
against  a stationary  cutter  ring  through  which  the  solids  and  liquids  flow. 

The  Impeller  provides  centrifugal  pumping  characteristics  of  a nominal  20  gpm 
at  35  p8lg  or  34  gpm  at  25  psig. 

The  MA  pump  is  hung  from  the  overhead  for  the  deck  below  the  commodes 
and  Bhould  be  located  no  more  than  eight  feet  (horizontally)  from  the  farthest 
commode.  Sewage  flows  by  gravity  to  the  pump,  whereas  the  pumped  sewage 
fluwB  by  pressure  in  a small  (1-1/4  in.)  filled  pipe.  Therefore  routing  of  this 
line  is  unrestrained,  i.e.  it  need  not  be  sloped  and  can  flow  vertically  upwards 
if  necessary,  limited  only  by  pump  pressure.  The  MA  pump  operates  for  approx- 
imately 10  seconds  following  the  signal  from  a commode  or  urinal.  An  interlock  relay 
prevents  MA  pump  operation  if  the  high  level  sensor  in  the  evaporator  is  actuated, 
thereby  avoiding  overfilling  the  evaporator.  The  Interlock  relay  will  shut  down 
control  circuits  for  all  MA  pumps  in  a multiple  pump  installation. 
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In  a simple  MSD,  the  M/T  pump(s)  disoharges(s)  directly  into  an  evaporator 
in  the  treatment/disposal  subsystem.  In  larger  systems  with  more  than  one  evapo- 
rator, or  in  a hybrid  system  with  an  incinerator,  the  M/T  pump(s)  discharge  (s) 
into  an  intermediate  feed  tank  for  distribution  and/or  metering  of  the  sewage . 


The  treatment/disposal  subsystem  is  comprised  of  an 
. Evaporator 
. Vapor  treatment  section 
. Sludge  pump 
. Controls 

A.  Evaporator 

The  evaporator  is  a modified  commercial  steam-Jacketedkettle,  made  of 
stainless  steel,  and  electrically  heated.  It  is  used  to  receive  and  hold  sewage 
collected  by  the  commodes  and  urinals,  and  delivered  to  the  tank  by  M/T  pump(s). 
It  treats  the  sewage  by  evaporating  the  water  content  at  elevated  temperature, 
and  retains  the  residual  sludge  until  an  appropriate  time  for  unloading. 

The  standard  unit  for  the  GATX  MSD  is  a modification  of  the  largest  size 
kettle  (80  gallons)  made  by  the  supplier.  The  tank  interior  is  teflon  lined  and 
the  exterior  (and  jacket)  is  insulated  with  fiber  glass.  A metal  shroud  covers  the 
insulation.  The  evaporator  tank  has  a gasketed  top  cover  that  provides  a 
positive  watertight  seal  to  prevent  fluid  seepage  and  leakage  of  tank  odors. 

A 10-inch  diameter  gasketed  port  with,  a Pyrex  window  is  also  provided  in  the 
cover,  to  permit  access  to  the  interior  of  the  tank  for  cleaning  and  inspection 
purposes.  Fittings  are  provided  in  the  cover  for  waste  input,  rinBe  water,  vapor 
venting,  pressure  relief,  and  electrical  connections. 

The  1-1/4  inch  waste  input  line  terminates  near  the  bottom  of  the  tank's 
hemispherical  underside . Incoming  sewage  prevents  settled  sludge  from  becoming 
hard  and  difficult  to  remove . The  Influent  pipe  is  also  used  for  emptying  the 
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evaporator.  Rinse  water  (sea  water)  is  dispensed  by  14  spray  nozzles  to  wash 
down  the  inside  of  the  tank  at  the  end  of  the  sludge  removal  cyole.  As  water  is 
evaporated  from  the  sewage,  it  exits,  through  the  vapor  connection  in  the 
cover,  to  the  Vapor  Treatment  Section. 

Extending  through  the  rinse  water  connection,  along  the  vertical  center- 
line  of  the  tank,  is  a tw<*  s^age  liquid  level  switch.  The  lower  float  magneti- 
cally actuates  a reed  swVch  to  operate  the  heaters  when  the  level  is  high  and 
shut  them  off  when  evaporation  has  lowered  the  level  sufficiently.  The  upper 
float  actuates  a PULL  light  to  indicate  that  the  level  is  high,  a SERVICE  indicator 
light  when  the  sewage  is  fairly  concentrated,  at  which  time  it  stops  any  M/T 
pump  from  operating.  The  term  " service"  is  used  for  the  procedure  of  drain- 
ing, rinsing  and  partially  refilling  the  evaporator  with  fresh  water. 

The  controls  on  the  steam  jacket  are  a pressure  gage,  steam  relief 
valve,  water  fill  valve,  level  sight  glass,  low  level  switch,  high  temperature 
switah  (set  at  240°F)  and  a high  pressure  switch  (set  at  27  psig) . As  the 
sewage  in  the  evaporator  becomes  concentrated,  heat  transfer  from  steam  to 
sewage  decreases,  thereby  causing  the  jacket  pressure  and  temperature  to  rise. 
Actuation  of  either  switch  will  shut  off  the  heaters  and  notify  the  operator  of 
the  need  for  servicing  when  the  tank  is  full.  The  jacket  pressure  relief  valve 
will  prevent  jacket  rupture  in  the  event  of  a control  failure . 


Smaller  size  evaporators  are  available  from  the  kettle  manufacturer  in  sizes  of 
20,  40,  and  60  gallons.  These  units  can  be  modified  in  similar  manner  to 
the  80  gallon  units  for  use  in  vessels  with  smaller  requirements.  For  larger 
vessels,  multiple  evaporators  would  be  required,  necessitating  one  of  three 
distribution  schemes,  namely: 

1 . Each  evaporator  supplied  by  its  own  collection  subsystem. 

2.  Equal  disbursement  to  each  evaporator  from  a central  feed  tank, 
using  one  or  more  transfer  pumps. 

3.  Sequential  filling,  i.e.  all  sewage  goes  to  one  evaporator  until  it 

is  full,  whereupon  automatic  switchover  to  the  next  evaporator  takes 
place. 
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B.  Vapor  Treatment  Section 


The  vapor  and  gases  leaving  the  evaporator  are  passed  through  a hot 
catalyst  bed  along  with  compressed  air  where  the  odoriferous  compounds  are 
oxidized  to  mainly  carbon  dioxide  and  water  vapor.  The  vapor  treatment 
section  (VTS)  consists  mainly  of  1-1/2  inoh  piping  incorporating  instruments, 
controls  and  a 6 in.  diameter  by  18  in.  long  pipe  containing  catalyst,  in  a 
predesigned  configuration.  A compressed  air  control  station  feeds  ship's 
service  air  to  the  VTS.  A three-way  valve  at  the  inlet  to  this  section  can  be 
set  to  bypass  the  entire  section  in  an  emergency. 

A 16 00 -watt heating  element  maintains  high  temperature  in  the  vapor/air 
mixture  flowing  in  the  insulated  piping  and  catalyst  bed  to  prevent  conden- 
sation of  water.  A thermal  switch  downstream  of  the  heater  shuts  it  off  if  the 
temperature  reaches  500°F.  Another  thermal  switch  downstream  of  the  catalyst 
bed  does  not  permit  the  evaporator  heaters  to  go  on  until  the  gases  (initially 
air)  leaving  the  catalyst  bed  reaoh  250°F.  The  compressed  air  controls  regulate 
the  pressure  and  thereby  the  flow  through  an  orifice.  A pressure  switch  up- 
stream of  the  orifice  allows  operation  of  the  evaporator  heaters  only  when  the 
air  pressure  reaches  13  psig.  These  two  switches  assure  deodorization  of  the 
vapors  leaving  the  evaporator  by  requiring  both  oxidation  air  and  high  tempera- 
ture at  the  catalyst. 

Since  the  VTS  iB  a fabricated  assembly,  it  can  be  scaled  up  or  down 
readily  by  maintaining : 

. The  ratio  of  air  flow  to  vapor  flow. 

. The  same  temperature. 

. Equal  flow  rate  and  gas  retention  time  through  the  catalyst  bed. 
Although  one  large  VTS  could  handle  the  output  of  several  evaporators,  numerous 
complexities  are  involved  that  may  make  it  more  practical  to  have  one  VTS 
per  evaporator. 
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C.  Sludge  Pump 


In  the  MONOB  design,  the  sludge  pump  is  placed  underneath  the  j 

■j 

evaporator  where  it  withdraws  concentrated  sewage  (followed  by  manually 

I 

injected  rinse  water)  from  the  evaporator  and  discharges  them  from  the  < 

vessel.  This  close -coupled  centrifugal  pump  could  be  located  elsewhere  1 

in  the  vicinity  of  the  evaporator.  The  motor  is  actuated  by  a manual  starter.  i 
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COMPONENT  PHYSICAL  CHARACTERISTICS 


/■"  N A ...  M A M M U|  f" 

Weight 

Volume 

component 

Dry 

cu  ft 

Commode 

80 

81 

3.5 

M/T  Pump 

125 

127 

1.0 

Evaporator 

20  gal 

300* 

433* 

13.2 

40  gal 

470* 

743* 

20.0 

60  gal 

620* 

1025* 

27.1 

80  gal 

750 

1375* 

32.8 

Sludge  Pump 

35 

35 

0.3 

Catalytic  Oxidizer 
(uninsulated) 

90* 

- 

0.3 

Controls 

75 

- 

3.1 

Dimensions 

Height 

Length 

Width 

19 

21 

15 

10 

25 

7 

43 

26 

dia 

43 

- 

32 

dia 

46 

- 

36 

dla 

50 

- 

38 

dia 

7 dla 

15 

- 

18 

- 

6 

dia 

21 

12 

21 

Estimated.  Dry  tank  weight  token  os  2/3  power  of  ratio  to  80-gul  tank. 
Water  weight  proportionately  based  on  65  gals  in  80-gnl  tank  plus  10  gals 
in  steam  jacket. 
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COMPONENT  VESSEL  RESOURCE  REQUIREMENTS 


Component 

HP 

Watti 

Volti 

Phase 

Hertz 

Amp. 

Compreued 
Air  SC  EM 

Flush 

Water 

M/T  Pump 

1 1/2 

440 

3 

60 

Evaporator  (Std) 

30  pilg 

30  gal 

1, 073 

440 

3 

60 

40  gal 

2,745 

440 

3 

60 

00  gnl 

4,118 

440 

3 

60 

80  gal 

5,480 

440 

3 

60 

Sludge  Pump 

1 1/2 

440 

3 

60 

Vapor  Treatment  Syitem 

20  gal  ltd.  evap. 

325 

440 

i 

60 

2.S 

40  gal  ltd.  evap. 

650 

440 

i 

60 

6 

60  gal  «td.  evap. 

976 

440 

i 

60 

7.5 

60  gal  ltd.  evap. 

1,300 

440 

i 

60 

10 

Control! 

200 

440 

i 

60 

eit« 
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COMPONENT  PIPE  CONNECTIONS 


Macorator/Transfer  Pump 

Evaporator 

Waste  Inlet  (and  sludge  suction) 
Vapor  Outlet 
Sludga  Pump  (in  and  out) 

Vapor  Treatment  System  (80-gal  evap.) 
Vapor  (In  and  out) 

Compressed  Air 


Inlot:  3-inch  NPT 

Outlet:  1 1/4 -inch  NPT 

1 1/4 -Inch  NPT 
1 1/2 -inch  NPT 
1 1/4 -Inch  NPT 

1 1/4 -inch  NPT 
1/4-inch  NPT 


M/E 
Factor/ 
Subfactor 
Ident.  No. 


INSTALLATION 

Charactcri'tics 


MSD  nntcrlnls  disallowed  or  not  recommended/^ 

(a)  No  dlsaLlowed  or  not  recommended  materials  present'  ' lu  MSD  subsystem. 

(b)  Some  disallowed  or  not  recommended  materials  present  In  MSD  suljsystcrn, 

but  resultant  probloms  can  be  solved  or  compensated  for. 

(c)  Presence  of  disallowed  or  not  recommended  materials  in  MSD  subsystem 

presents  problems  with  no  feasible  solutions. 


Extent  of  additional  support  systems  or  equipment  required  to  accommodate 
MSl)(a) 

identification  of  support  system  requirements  for  MSD  subsystem. 

Extent  of  fixture  modifications  required  for  MSD  installation. 

(a)  MSD  uses  standard  commodes  and  urinals. 

(b)  MSD  uses  non-standard  commodes  and  special  equipment  is  associated 

with  the  urituils, 

(c)  MSD  uses  non-standard  commodos,  special  equipment  Is  associated  with 
the  urinals  and  cnch  fixture  has  additional  hook-up  requirements. 


Extent  of  flush  medium  supply  modifications  required  for  MSD  installation, 

(a)  MSD  uses  sea  water  for  flushing  fixtures. 

(b)  MSD  uses  frcsli  water  for  flushing  fixtures. 

(c)  MSD  uses  a non-aqueous  for  flushing  fixtures. 


E31  Hookup  requirements'  for  MSD  Collection/Transport  sulu.  item  Installation.  (8) 

(it)  MSD  uses  standard  Collef.Uon/Tran'ipfrt.  subsystem. 

(I>)  MM)  uses  rcclrculatiug  -.'oUeciicn/Traiis;<j;t  sul  >)Sieiii.C'1 2 3 4 5 * 7 8)  N/A 

(c)  MSI)  uses  nou-staudatd  .ml  centralized  Collection/ Irons,  Jit  subsystem. 

(d)  MSD  uses  non-standard  and  nou-centrallzcd  Collection/Transport 

subsystem,^1) d 

(1)  As  specified  in  subchnpters  J&F  of  Merchant  Marine  Code  and  C;G.  MSD  regulations, 

(2)  For  purposes  of  this  study,  C.G,  directs  choice  (a)  for  all  MSl>j, 

(3)  Examples; 

, Firefighting  system  must  bo  Installed  with  Incinerator. 

. pllge  alarm  required  If  large  tank  Is  installed  above  bilge. 

. Compressor  required  on  vessels  dint  do  not  already  have  one. 

, Detect,  rs  of  toxic  or  noxious  gases  should  be  Installed  with  any  system  that,  ns  an  Inherent  design  feature,  Uses 
such  gases  in  processing  wastes. 

(4)  Drain  piping!  electric  cables  for  connecting  commode),  M/T  pump  and  control  panel,  compressed  air,  etc. 

(5)  In  existing  gravity  drain  system. 

(C)  Includes  conversion  from  reduced  (lush  vacuum  collection  to  a standard  gravity  drain  system  wldi  or  without  recirculation. 

(7)  M/T  pumps  . ,.«x:latud  with  commodes;  replacement  of  ilushometor  valves  with  special  electrically  contzolled  units, 

(8)  Electric  power,  electrical  controls  (control  panel,  M/T  pumps,  urinal  flushometers),  freshwater. 
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INSTALLATION 

Attribute  Data 


(7)  . 

c 

N/A 

b 

N/A 

(8) 

d 

N/A 

. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 
I - ADAPTABILITY  FOR 
M/E  SHIPBOARD  INSTALLATION 


INSTALLATION 

Characteristics 


Routing  flexibility  for  drain  piping  modifications  associated  with  MSD 
Collection/Transport  subsystem  installation^2) 

(a)  Routing  of  MSD  Coilectlon/Transport  piping  is  highly  flexible. 

(b)  Routing  of  MSD  Coilectlon/Transport  piping  is  moderately  flexible  with 

some  restrictions, 

(c)  Routing  of  MSD  Collection/Transport  piping  is  highly  inflexible. 


Space  requirements  for  MSD  Cotiectlon/Trunsport  subsystem  installation 

(a)  Space  required  for  MSD  Coilectlon/Transport  subsystem  Is  little  or  no 

greater  than  that  required  for  standard  Coilectlon/Transport  subsystem. 

(b)  Space  required  for  MSD  Collection/Transport  subsystem  is  moderately 

increased  ovet  that  required  for  standard  Collection /Transport  subsystem. 
(C)  Space  required  for  MSD  CoUcction/Traiupcrt  subsystem  is  much  greater 
than  that  required  for  standard  Collccdon/Transport  subsystem. 


Modularity  of  MSD  Coilectlon/Transport  subsystem  (as  it  affects  lnstalladon). 

(a)  Collecdon/Transpott  subsystem  is  highly  modular. 

(b)  There  Is  an  option  for  some  decentralization  of  the  MSD  Collection/ 

Transport  subsystem. 

(c)  The  MSD  Collecdon/Transpott  subsystem  Is  highly  centralized, 


Vent  requirements  for  MSD  CoUcetion/Transport  subsystem  Installation. 

(a)  MSD  Collccdon/Transport  subsystem  requires  no  vents. 

(b)  MSD  Collecdon/Transport  subsystem  requires  few  vents, 

(c)  MSD  Coilectlon/Transport  subsystem  requires  many  vents. 


(1)  Of  the  three  relevant  categories  of  touting  lines  (piping,  ventilation,  electrical),  piping  is  the  most  Important  for 

assessing  ease  of  MSD  Installation, 

(2)  Notesi 

. With  gravity  drainage,  lines  must  always  slope  downward  and  require  venting. 

. Smaller  size  lines  are  Inherently  more  flexible. 

. With  pump  or  vacuum  Collection/Tiansport  subsystem,  sharp  bends,  risers  and  long  mns  can  be  accommodated 
In  piping. 


(3)  M/T  pumps  must  be  close  to  commodes  since  waste  Is  gravity  drained  to  M/T  pumps. 

(4)  M/T  pumps  are  close  to  overhead  of  decks  below  head  spaces. 

(5)  Vents  required  on  gravity  drain  portion  of  piping  to  M/T  pumps.  As  for  standard  drain  lines  (l.e. , all  traps  must  be  vented). 
Answer  applies  to  new  Installation  onlys  If  standard  drain  line  already  installed  In  vessel,  then  (a)  applies. 


Sheet  2 of  _ 


INSTALLATION 
Attribute  Data 
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MSD  EFFECTIVENESS  ATTRIBUTE  DATA 
I - ADAPTABILITY  FOR 
M/fe  SHIPBOARD  INSTALLATION 


MSD  GATX 


Sheet  3 of  4 


INSTALLATION 


, I 


Characteristics 


Hookup  requirements^  for  MSD  waste  Treatment/Disposal  subsystem 

Initaliadon 

(a)  Pipe,  duet*  and /ox  cable  requirement*  fox  the  MSD  Treotment/Disposal 
lubiystem  are  minimal. 

(h)  Pipe,  duota  and/or  cable  tequlremonti  fox  the  MSD  Treatment/Disposal 
subsystem  are  moderate. 

(c)  Pipe,  ducti  and/or  cable  requirement*  foe  the  MSD  Treatment/DisposaL 
subsystem  .arc  extonaive. 


Degree  of  modularity  of  MSD  watte  Troatment/Ditpoial  subsystem!  (ns  it 
affect*  installation)!*) 

(a)  MSD  Treatmcnt/Disposal  tubsyitem  is  highly  modular. 

(b)  There  is  an  option  for  tome  decentralization  of  die  MSD  Treatment/ 

Disposal  subsystem. 

(o)  MSD  Treatmcnt/Disposal  subsystem  it  highly  centralized. 


Vent  requirements  for  MSD  waste  Treatmcnt/Disposal  subsystem  installation^ 

(a)  No  vents  are  required  for  MSD  Troatment/Ditpoial  subsystem. 

(b)  Vent*  are  required  for  MSD  Treatmenc/Disposal  jubsystem, 


Exhaust  stack  requirement*  for  MSD  waste  Treatmetit/Disposal  subsystem 
installation.!4) 

(a)  Exhaust  stack  not  required  for  MSD  Treatmcnt/Disposal  subsystem. 

(b)  Small  exhaust  stack  required  for  MSD  Treatment /Disposal  suUysrom. 
(o)  Large  exhaust  stack  required  for  MSD  Trcatment/Dltpoial  subsystem , 


(1)  Piping  for  fuel  oil,  fresh  water,  cooling  water,  compressed  air,  interconnecting  remotely  located  equipment,  overboard 
discharge  line,  etc.!  electric  cables  for  power  supply,  remote  panel*,  etc.  i ducting  for  ventilation,  etc. 

(2)  Decentralization  of  components  may  requite  additional  hookups  and  piping  runs. 

(3)  Vent*  that  are  only  Internal  to  the  compartment  in  which  subsystem  is  located  are  not  considered  here. 

(4)  Not  cat 

. Electric  incinerator  require*  small  (2 ")  exhaust, 

. Fuel  incinerator  require*  large  (19")  exhauit. 

I 


(t>)  Fair  number  of  cables  required  (electric  power,  electrical  control*)!  line  for  flushing  evuporator  tank. 
(0)  Vapor  treatment  unit  may  be  separated  from  evaporator. 

(7)  One  vent  is  required  for  evaporator. 


' »• 
ffiil,' it;. 
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MSD  EFFECTIVENESS  ATTRIBUTE  DATA 
I - ADAPTABILITY  FOR 
M/E  SHIPBOARD  INSTALLATION 


INSTALLATION 
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INSTALLATION 
Attribute  Data 


Characteristics 


a) 


Ease  of  installing  MSD  tupport  equipment' 

Extent  of  additional  support  equipment  required  to  accommodate  MSD 

(a)  No  additional  tupport  equipment  required  for  MSD  subsystem. 

(b)  Some  additional  support  equipment  required  for  MSD  subsystem, 

(c)  Much  additional  support  equipment  required  for  MSD  subsystem. 


Examples; 


Firefighting  system  mutt  be  installed  with  incinerator, 

Bilge  alarm  required  if  large  tank  is  installed  above  bilge. 

Comprenot  required  on  vessels  that  do  not  already  have  one, 

Detectors  of  toxic  or  noxious  gases  should  be  installed  with  any  system  that,  as  on  Inherent  design  feature,  uses 
such  gases  in  processing  wastes. 


. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


M/E  II  - PERFORMANCE 
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M/E 
Pactot/ 
Subfactor 
ldent.  No, 

Characteristics 

Attribute  Data 

Collect. /Ttansp. 
Subsystem 

Treat.  /Disposal 
Subsystem 

311 

Effect  of  poak  hydraulic  loads  in  black®  water  stream  on  MSD  performance® 

(a)  No  significant  effect  of  black  water  peaks  on  MSD  subsystem  performance. 

(b)  Effect  of  black  water  poaki  U of  short  duration,  with  temporary  implica- 

tions for  MSD  subsystem  performance,  easy  to  overcome, 

(o)  Long-term  effect  of  black  water  peaks,  difficult  to  overcome,  with  long- 
term implications  for  MSD  subsystem  performance. 

(d)  No  ability  of  MSD  subsystem  to  handle  black  water  peaks. 

(4) 

a 

(6) 

b 

312 

Effect  of  peak  hydraulic  loads  In  gray®  water  stream  on  MSD  perfotmanoe  (2) 

(a)  No  significant  effect  of  gray  water  peaks  on  MSD  subsystem  performance. 

(b)  Effect  of  gray  water  peaks  Is  of  short  duration,  with  temporary  implications 

for  MSD  subsystem  performance,  easy  to  overcome. 

(o)  Long-term  effect  of  gray  water  peaks,  difficult  to  overcome  with  long-term 
implications  for  MSD  subsystem  performance. 

(d)  No  ability  of  MSD  subsystem  to  handle  gray  water  peaks. 

N/A 

System  cannot  ha 

N/A 

idle  gray  water 

321 

Effect  of  low  flow  conditions /long  Idle  times  In  black  water  stream  on  MSD 
performance^) 

(a)  No  significant  offcct  of  black  watet  low  flow  oondldons/long  Idle  times  on 

MSD  subsystem  performance. 

(b)  Effect  of  black  water  low  flow  condltions/long  Idle  dines  of  short  duration, 

with  temporary  Implications  for  MSD  subsystem  performance,  easy  to 
overcome. 

(c)  Long-term  effect  of  black  water  low  flow  coudi  Horn /long  Idle  times, 

difficult  to  overcome,  with  long-term  implications  for  MSD  subsystem 
performance, 

(d)  No  ability  of  MSD  subsystem  to  handle  black  water  low  flow  condldons/ 

Iona  Idle  dmes. 

(0) 

A 

a 

(1)  lnoludos  instantaneous, hourly  and  daily  loads,  •; 

(2)  Peak  load  handling  ability  depends  on  C/T  subsystem.  The  ability  of  art  MSD  which  employs  an  Influent  surge  tank  to  ,j 

handle  peaks  usually  depends  almost  entirely  on  the  sizing  of  tills  tank.  n 

(3)  An  example  of  low  flow  condition  is  when  767>>  of  tins  crew  is  not  on  board  vessel  for  a week  and  usage  rate  by  ! 

remaining  2G"/jof  crow  ts  normal.  Long  Idle  times  ate  on  die  order  of  several  weeks  of  virtually  no  usage  of  MSD.  ,1 

(4)  In  the  unlikely  event  that  two  or  mote  M/T  pumps  that  feed  Into  else  same  1-1/4"  drain  run  simultaneously,  It  would  ' 

not  pull  all  liquid  from  3"  driln  since  1-1/4"  line  capacity  will  limit  pumping  rate  of  M/T  pumps,  i 

(G)  If  evaporator  Is  full  or  almost  full  when  peak  occurs,  the  tank  must  evaporate  some  of  Its  contents  before  being  able 
*■  to  accept  the  peak  load. 

! (0)  Solids  will  settle  but  M/T  pumps  should  sweep  out  lines, 

f : I 
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M/E  _ IT PERFORMANCE 
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M/E 

Factor/ 

Subfactor 

Idcnt.  No, 

Characteristics 

Attribute  Data 

Collect.  /Tramp. 
Subsystem 

Treat,  /Disposal 
Subsystem 

322 

Effect  of  low  flow  conditions /long  idle  times  in  gray  water  stream  on  MSD 
performance!1) 

(a)  No  significant  effect  of  gray  water  low  flow  eoudltionsAong  idle  times  on 

MSD  subsystem  performance, 

(b)  Effect  of  gray  water  low  flow  conditions /long  idle  times  of  short  duration, 

with  temporary  implications  for  MSD  subsystem  performance,  easy  to 
overcome. 

(a)  Long-term  effect  of  gray  water  low  flow  conditio  ns /long  idle  times, 

difficult  to  overcome  with  long-term  implications  for  MSD  subsystem 
performance. 

(d)  No  ability  of  MSD  subsystem  to  handle  gray  water  low  flow  conditions /long 
idle  times. 

N/A 

System  cannot  h* 

N/A 

idle  gray  water 

331 

Ability  of  black  water  portion  of  MSD  to  handle  additional  personnel  (on  a 
long-terni  basis)!2) 

(a)  MSD  black  water  subsystem  wlU  handle  additional  personnel  with  little  or 

no  degradation  tri  performance. 

(b)  MSD  black  water  subsystem  will  handle  additional  personnel  with 
modcrataly  degraded  (but  still  barely  acceptable)  performance. 

(c)  MSD  black  water  subsystem  will  not  handle  additional  personnel 

A 

(4) 

b 

332 

Ability  of  gray  wutet  portion  of  MSD  to  handle  additional  personnel  (on  a long- 
term basis)'J-' 

(a)  MS  J gray  water  subsystem  will  handle  additional  personnel  with  little  or  no 

degradation  in  performance, 

(b)  MSD  gray  water  subsystem  will  handle  additional  personnel  with  moderately 

degraded  (but  still  barely  acceptable)  performance. 

(c)  MSD  gray  water  subsystem  wlU  not  handle  additional  pet  sound. 

N/A 

System  cannot  ha 

N/A 

ile  gray  water 

\ 

(1)  An  example  of  low  flow  condition  Is  when  7 Ufa  of  the  crew  li  not  on  board  vessel  for  a woek  and  usage  rate  by 

remaining  2 S'/o  of  crew  Is  normal.  Long  Idle  times  are  on  die  order  of  several  weeks  of  virtually  no  usagn  of  MSD. 

(2)  Resulting  in  long-term  increase  In  average  black  water  stream  hydraulic  loading.  The  ability  of  an  MS13  which 

omploys  a black  water  (or  sludge)  holding  tank  to  handle  additional  personnel  may  be  determined  by  the  size  of 
diat  tank, 

(3)  Resulting  in  long-term  Increase  iti  average  gray  waicr  stream  hydraulia  loading.  The  ability  of  an  MSD  which  employs 

a gray  water  (or  sludge)  holding  tank  to  handle  additional  personnel  may  he  determined  by  the  size  of  that  tank. 

(4)  Will  h«vc  to  sorvioe  evaporator  more  frequently. 
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Sheet 


of 4 


M/E 
Factor/ 
Subfactor 
Idem.  No. 


nt.  No,  Characteristics  Subsystem  Subsysti 

41  Ability  of  black  water  handling  portion  of  MSD  to  operate  for  luitalnod  time 
periods 

(a)  MSD  black  water  subsystem  can  operate  for  indefinite  period  of  time  if  no 

components  fail.  (U  * 

(b)  MSD  black  water  subsystem  can  operate  for  only  limited  period  of  time, 

even  if  no  components  fall.P) b 

42  Ability  of  gray  water  handling  portion  of  MSD  to  operate  for  sustained  time 
period 

(a)  MSD  gray  water  subsystem  can  operate  for  indefinite  period  of  time  if  no  ig/A 

components  fall.  ( ) System  cannot  ha  idle  gray  * 

(h)  MSD  gray  water  -ubsystem  can  operate  for  only  limited  period  of  time, 

even  if  no  components  fail,*2*  

01  Ability  of  MSD  to  handle  ground  garbage  In  black  water  stream  ^ 

(a)  MSD  black  water  subsystem  will  handle  ground  garbage  in  black  water 

stream  on  a long-term  basis, 

(b)  MSD  black  water  subsystem  wilt  handle  ground  garb,  go  in  black  water 

stream  on  at  least  a ihoit-term  basis.  b 

(c)  MSD  black  water  subsystem  will  not  handle  ground  garbage  in  black  water 

stream, <- 

/Q\  /dv 

52  Ability  of  MSD  to  handle  foreign  materials /objects1  ' in  black  water  stream  1 1 

(a)  MSD  subsystem  will  handle  foreign  materials/objects  in  black  water 

stream  on  a long-term  basis. 

(b)  MSD  subsystem  will  handle  foreign  materials/objects  in  black  water 

stream  on  at  least  a short-term  bails.  b 

(c)  MSD  subsystem  will  not  handle  foreign  materials/objects  in  black  water 

st team,  _____________  c 

(1)  Applies  to  a T/D  subsystem  with  an  incinerator. 

(2)  Applies  to  a T/D  subsystem  without  an  incinerator. 

(3)  Examples! 

, Long,  narrow  objects  (pons,  pencils,  toothpicks,  etc.) 

. Small  hard  objects  (nut  shells,  pull  tab  from  a flip  top  can,  bottle  caps,  paper  clips,  coins,  nuts/bolts/ 
scrcws/nalls,  cufflinks,  etc.) 

. Largo  soft  objects  (paper  towels,  newspaper  page,  stiff  and  shiny  magazine  poge,  strings  from  a floor  mop, 
tag,  tampons  and  sanitary  napkins,  etc.) 

(4)  C/T  subsystem  does  not  handle  ground  garbage  slurry i it  is  fed  by  separate  line  directly  into  evaporator. 

(6)  Detergents  In  ground  garbage  slurry  may  cause  foaming.  Will  have  to  empty  evaporator  more  often, 

(0)  M/T  pumps  will  handle  If  material  Is  not  too  hatd. 

(7)  Might  interfere  with  operation  of  sludge  pump. 
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M/5  II  - PERFORMANCE 


MSD  GATX Sheet  4 of 4 


M/E 

Factor/ 

Subfactor 

IdefltJIo, 

Characteristics 

Attribute  Data 

Collect.  /Transp. 
Subsystem 

Treat.  /Disposal 
Subsystem 

03 

Ability  of  MSD  to  handle  detcrgents/surfactants  In  black  water  stream  on  a 
long-term  basis. 

(a)  MSD  subsystem  will  handle  detergenta/surfactants  In  black  water  stream 

on  a long-term  basis, 

(b)  MSD  subsystem  will  handle  dotergents/surfactants  in  black  water  stroain 

on  at  least  a short-term  basis, 

(o)  MSD  subsystem  will  not  handle  detargents/surfsc  tarns  in  black  watet  stream. 

a 

(1) 

b 

54 

Ability  of  MSD  to  handle  toxic  materials  In  black  water  stream 

(a)  MSD  subiystem  will  handle  toxic  materials  in  black  water  stream  on  a 

long-term  basis, 

(b)  MSD  subsystem  wlU  handle  toxic  materials  in  black  water  stream  on  at 

least  a short-term  basis, 

(o)  MSD  subsystem  will  handle  toxlo  materials  in  black  water  stream, 

a 

(2) 

A 

6,1 

Ability  of  MSD  secondary  emissions  to  moot  applicable  standards  for 
die  discharge  of  air  pollutants 

(a)  No  possibility  of  discharge  of  significant  air  pollution  from  MSD  subsystem, 

(b)  MSD  subsystem  will  meet  standards  for  alt  pollutants  under  normal  oper- 

ating conditions. 

(c)  MSD  subsystem  will  meet  standards  for  air  pollutants  under  normal  oper- 

ating conditions  and  there  is  a strong  possibility  of  non-conformance  to 
standards  under  unusual  operating  conditions. 

A 

A 

62 

Ability  of  MSD  secondary  emissions  to  meet  applicable  standards  for 
disposal  of  oll-contamlnated  residues  at  tea 

(a)  MSD  subsystem  has  no  potential  for  producing  oil-contaminatod  residues 

at  sea. 

(b)  MSD  subsystem  hat  a potential  for  producing  oll-contamlnated  residues 

at  tea. 

A 

A 

71 

Performance  risk  for  black  water  handling  portion  of  MSD 

(a)  MSD  black  water  subsystem  has  a history  of  fair  ot  better  test  results. 

(b)  MSD  black  watet  subsystem  has  a history  of  poor  test  results. 

(o)  No  test  results  are  available  for  the  MSD  black  water  subiystem. 

ft 

A 

72 

Performance  risk  for  gray  water  water  handling  portion  of  MSD 

(a)  MSD  gray  water  subsystem  has  a history  of  fair  ot  better  test  results. 

(b)  MSD  gxay  water  subsystem  has  a history  of  poor  test  results, 

(c)  No  test  results  ora  available  for  die  MSD  gray  water  subsystem. 

N/A 

System  cannot  ha 

N/A 

die  gray  water 

(1)  Could  affect  evaporation  process:  If  foam  build  up,  die  foam  may  get  Into  the  vapor  treatment  a action,  damaging 

the  catalyst  ot  decreasing  the  sections  temperature  so  that  odors  are  produoed. 

(2)  Some  toxic  materials  may  get  through  vapor  treatment  section  and  be  vented  (no  standards  against  it). 
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OPERABILITY 


Characteristics 


Treat,  /Disposal 
Subsystem 


Degree  o / automation  for  MSD  operation  W 

(a)  MSD  subsystem  it  almost  folly  automatic, 

(b)  MSD  subsystem  It  semi-automatic:  requires  infrequent  operator 

attention, 

(c}  MSD  subsystem  is  semi-automatic:  requires  a moderate  degree 
of  operator  attention, 

(d)  MSD  subsystem  is  semi-automatic:  requires  frequent  operator 
attention, 

(cl  MSD  subsystem  Is  operated  manually. 


East  of  disposal  of  MSD  re*ldue(s)f1^ 

(a)  MSD  subsystem  has  no  residues . or  disposal  of  residues  from  MSD 

subsystem  is  very  convenient. 

(b)  Disposal  of  residues  from  MSD  subsystem  is  moderately  convenient, 

(o)  Disposal  of  residues  from  .MSD  subeystem  is  inconvenient. 


Likelihood  of  violating  effuent  standards  because  of  prooedural  errors  in  MSD 
operation.  ^ 

(a)  There  It  virtually  no  chance  of  violating  effluent  standards  because  of 

procedural  errors  la  MSD  operation, 

(b)  There  Is  ,1  low  likelihood  of  violating  effluent  standards  because  of 

procedural  errors  in  MSD  operation. 

(c)  There  is  a fair  to  moderate  chance  of  violating  effluent  standards  because 

of  procedural  errori  In  MSD  operation, 

(d)  There  Is  a high  likelihood  of  violating  effluent  standards  because  of 

procedural  errors  ui  MSD  operation. 


Skill  level  requirements  for  operator  of  MSD 
MSD  subsystem  complexity  tanking  from  1 to  5 


Training  requirements  for  operator  of  MSD 
MSD  subsystem  complexity  ranking  from  l to  5 


(1)  Reotdue  la  any  by-produat  of  normal  MSD  operation,  disposal  of  which  is  tegular  operating  task.  Examples  are  ash 

produced  by  an  Incinerator,  seal  water  used  by  vacuum  pumpi,  wastewater  or  sludge  held  in  a tank,  evaporator 
residue,  etc, 

(2)  Length  of  time  required  for  disposal  Is  the  main  factor  considered:  other  factors  are  ease  of  access  of  area  of  MSD 

containing  the  residue,  amount  of  residue  to  be  disposed  of,  and  ease  of  storing  residue  on  board  or  taking  If  off 
vessel,  as  appropriate. 

(3)  By  dumping  overboard  effluent  which  doesn't  meet  standards,  flush  oil,  evaporator  residue,  air  pollutants  from 

incinerator,  etc. 


(4)  Evaporator  requires  infrequent  servicing, 

(6)  Procedure  1s  us  follows.  Stop  M/T  pumps  and  wait  15*30  minutes,  leave  heater  on  for  15  minutes  to  sterilise  any 

remaining  sewage  coming  in:  lot  evaporator  cool  down:  prime  sludge  pump,  empty  evaporator:  turn  on  rinse  water: 
clean  and  refill.  . . 

(6)  May  pump  sewage  overboard, 
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M/E  III  - OPERABILITY 
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M/E 
Factor/ 
Subfaotor 
Went.  No, 

OPERABILITY 

OPERABILITY 

Attribute  Data 

Characteristics 

Collect.  /Tramp, 
Subsystem 

Treat,  /Disposal 
Subsystem 

25 

Effect  of  MSD  operation  on  vessel  work  routines/ schedules 

' 

(a)  MSD  operation  has  minimal  or  no  effect  on  work  routlnes/schedules.  ^ 

(b)  Effect  of  MSD  operation  on  work  routlnes/schedules  Is  more  than 

minimal  (1,  e. , Is  moderate  or  extensive). 

a 

a 

32 

Availability  of  specialized  or  unique  consumables/ expendables  required  for 

MSD  operation 

(S) 

(a)  No  specialized  or  unique  consumables  or  expendables  required  for  MSD 

subeystem  operetlon. 

(b)  Any  speclellzed  or  unique  consumables  or  expendables  required  for  MSD 

subsystem  operation  are  available  from  ship's  Inventory. 

(c)  Any  specialized  or  unique  consumables  or  expendables  required  for  MSD 

subsystem  operation  are  available  from  Federal  Sto«k  System. 

(d)  Any  specialized  or  unique  consumables  or  expendables  required  for  MSD 

subsystem  operation  are  available  from  a commercial  source, 

a 

a 

33 

Operating  requirements  for  special  or  unique  MSD  support  equipment 

(e)  No  special  or  unique  support  equipment  required  by  MSD  subsystem. 

(b)  Some  special  or  unique  support  equipment  requited  by  MSD  subeystem; 
equipment  requires  only  minimal  and  infrequent  attention!2)  to  keep 
operational.!3) 

(o)  Some  special  or  unique  support  equipment  required  by  MSD  subeystem; 
requires  more  then  Infrequent  attention  to  keep  operational.!*) 

a 

a 

(1)  By  C.C.  direction,  (a)  applies  to  all  MSDi  considered  In  thli  itudy. 

(21  No  more  frequently  than  weekly  with  a duration  not  greater  than  10  minutest  or  more  frequently  than 
semi-annually  with  a duration  of  2 hours, 

(3)  E.g. , firefighting  equipment,  special  transformers,  or, one  detector,  bilge  alarm. 

(4)  E.g, , compressor  Installed  to  support  MSD  operation, 

(5)  Catalyst  bod  not  special, 
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IV  - PERSONNEL  SAFETY 
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Sheet 


M/E 
Factor/ 
Subfactor 
Idem.  No. 

SAFETY 

SAFETY 

Attribute  Data 

Characteristics 

Collect.  /Transp. 
Subsystem 

Tteat.  /Disposal 
Subsystem 

11 

Hazard  of  contact  with/ spillage  of  toxic/dangetoui  substances^  due  to  MSD 
Inherent  design 

<«) 

(3) 

L • Likelihood  of  hazard 

(a)  No  chance 

(b)  Highly  unlikely 

(o)  Fair  to  oven  chance 

(d)  Highly  likely  

d 

d 

S - Severity  of  hazard 

(a)  No  resultant  Injury. 

(b)  Results  in  injury  of  low  to  moderate  severity  requiring  first  aid  or  limited 

medical  treatment. 

(c)  Results  in  severe  Injury  or  death. 

a 

a 

C - Hazard  correction 

(a)  Hazardous  situation  cun  be  easily  corrected. 

(b)  Hazardous  situation  Is  difficult  to  correct. 

(o)  Hazardous  situation  cannot  be  corrected. 

i\ 

a 

(i) 


Exam  pi  tut 

. Leakage  of  Amies  from  Incinerator  Into  adjacent  berthing  and  working  spaces. 

. Hydrogen  sulfide  (a  toxicant)  may  be  generated  In  sewage  holding  tanks. 

. Fresh  water  connections  to  MSD  subsystems  have  a potential  for  contaminating  the  vessel's  potable  water  supply 
with  toxlc/dangerous  substances. 

. Sewage  contamination. 

. . The  following  pathogens  may  be  transmitted  through  sewage. 

* Totanus  (bacteria) 

• Typhoid  (baotoria) 

- Dysentery  (bacteria) 

• Cholera  (bacteria) 

- Hepatitis  (virus) 

- Polio  (virus) 

. . Possible  methods  of  infection  (a  healthy  person  may  be  a carrier!  Infection  hazard  depends  on  a person's 
resistance), 

- Oral  (from  hands  while  smoking  or  eating)  • the  most  common  methed  of  transmitting  enteric 

(Intestinal)  diseases. 

* Through  breaks  In  skin  (cuts,  abrasions,  sores), 

- Eyes  and  nose  (form  hands). 


(2)  Since  M/T  pumps  are  mounted  overhead,  contact  with  sewage  is  highly  likely,  even  if  maintainer  wears  protective  clothing. 

(3)  For  operator  almost  no  chance;  splatter  of  sewage  in  rinsing  evaporator  Is  possible,  but  avoidable.  For  melntalnen  mey 

have  to  get  into  part  of  evaporatot  to  service  and  even  with  protective  clothing,  some  contact  with  sewage  Is 
highly  Ukely, 
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MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


PERSONNEL  SAFETY 


Sheet  2 of  6 


Attribute  Data 


Treat.  /Disposal 
Subsystem 


(2)  (3) 


Hazard  of  contact  due  with/ spillage  of  toxic/dung  ctous  substance*' 
ptocedural  error/ equipment  failures  of  MS  13 

L - likelihood  of  hazard 

(a)  No  chance 

(b)  Highly  unlikely 

(o)  Pair  to  even  chance 

; idl  

S - Severity  of  hazard 


j (a)  No  resultant  Injury, 

i (b)  Results  in  injury  of  low  to  moderate  severity  requiring  first  aid  or  limited 
i medical  treatment, 

’ icl  Jtusultsj.tMcvcte ^iijuryjw  d ea th. 

I C - Hazard  correction 

’ (a)  Hazardous  situation  can  bo  easily  corrected. 

I (b)  Hazardous  situation  is  difficult  to  correct, 
j (c)  Hazardous  situation  cannot  be  corrected. 

(1)  Examples; 

. Leakage  of  fumes  from  Incinerator  into  adjacent  berthing  and  working  spaces. 

. Hydrogen  sulfide  (a  toxicant)  may  be  generated  in  sewage  holding  tanks. 

. ttresh  water  connection*  to  MSD  subsystems  have  a potential  for  contaminating  die  vessel’s  potable  water  supply 
with  toxic /dangerous  substances. 

. Sewage  contamination, 

..  The  following  padioguns  may  be  transmitted  through  sewage. 

- Tetanus  (bacteria) 

- Typhoid  (bacteria) 

- Dysentery  (bacteria) 

* Cholera  (bacteria) 

- Hepatitis  (virus) 

- Polio  (viius) 

. , Possible  methods  of  Infection  (a  healdty  person  may  be  n carrier;  infection  hazard  depends  on  a parson’s 
resistance), 

- Oal  (from  hand*  while  smoking  or  eating)  - the  most  common  rnediod  of  transmitting  enteric 

(intestinal)  diseases, 

- Through  breaks  In  skin  (cuts,  abrasions,  sores). 

» Eyes  and  nose  (from  hands), 

(K)  . Cheek  valve  could  fail  to  open  and  another  M/T  pump  running  pushes  sewage  through  check  valve  into  fixture, 

, Drain  line  gasket  failure  results  in  leakage- --sewage  drips  on  someone. 

(3)  , No  danger  from  vapor  treatment  section, 

. Evaporator  priming  valve  might  be  left  open  (a  procedural  emit), 

, If  M/T  pump  does  not  shut  off  due  to  control  valve  relay  coil  burnout,  evaporator  may  overfill  and  pressure  relief 
valve  may  spray  sewage  all  over  compartment, 
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. MSI)  EFFECTIVENESS  ATTRIBUTE  DATA 


M/E  IV  - PERSONNEL  SAFETY 


MSD  Z—2 Sheet  a of 


M/E 
Factor/ 
Subfactor 
tdenc.  No. 

SAFETY 

Characteristics 

SAFETY 

Attribute  Data 

Collect.  /Tramp, 
Subsystem 

Treat.  /Disposal 
Subsystem 

21 

Hazard  of  explosive  potential  for  operavor/maintalner  due  to  inherent  MSD 
design 

L • likelihood  of  hazard 

(a)  No  chance 
(b>  Highly  unlikely 

(c)  Fair  to  even  chance 

(d)  Highly  likely 

(1) 

A 

(2) 

b 

S - Severity  of  hazard 

(a)  No  resultant  injury, 

(b)  Results  in  injury  of  low  to  moderate  severity  requiring  first  aid  or  limited 

medical  treatment. 

(c)  Results  in  severe  injury  or  death, 

A 

b 

C - Hazard  correction 

(a)  Hazardous  situation  can  be  easily  corrected. 

(b)  Hazardous  situation  is  difficult  to  correct, 

(c)  Hazardous  situation  cannot  be  corrected, 

U 

a 

22 

Hazard  of  explosive  potential  tor  operator/malntainer  due  to  procedural  errors/ 
equipment  failures  of  MSD 

1,  • Likelihood  of  hazard 

(a)  No  chance 

(b)  Highly  unlikely 

(o)  Fair  to  even  chance 
(d)  Highly  likely 

A 

(3) 

c 

S - Severity  of  hazard 

(a)  No  resultant  Injury, 

(b)  Results  In  Injury  of  low  to  moderate  severity  requiring  Srst  aid  or  limited 

medical  treatment, 

(o)  Results  In  severe  Injury  or  death. 

A 

b 

C • Hazard  correction 

(a)  Hazardous  situation  can  be  easily  corrected, 

(t>)  Hazardous  situation  is  difficult  to  correct, 

(c)  Hazardous  situation  cannot  be  conected. 

A 

a 

(1)  Except  If  dlicharge  line  ii  not  drained,  sewage  goes  septic  and  generates  methane, 

(2)  Evaporator  hat  pressurized  steam  jacket,  with  safety  relief  valve. 

(3)  If  flammable  liquid  (e.g,  lighter  fluid)  is  dumped  Into  evaporator  (or  commodes))  if  many  liquids  were  dumped 

Into  evaporator,  may  have  to  turn  off  heater  to  prevent  ftmher  burning. 
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M/E 
Factor/ 
Subfactor 
Idem,  No, 

SAFETY 

SAFETY 

Attribute  Data 

Characteristics 

Collect, /Transp. 
Subsystem 

Treat,  /Disposal 
Subsystem 

31 

Hazard  of  Are  ignition  potential^  due  to  Inherent  MSD  design 

I,  - Likelihood  of  hazard 

(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chance 

Jdj  Highly  likely 

a 

b 

S - Severity  of  hazard 

(a)  No  resultant  injury, 

(b)  Results  in  injury  of  low  to  moderate  severity  requiring  first  uir  or  limited 

medical  treatment. 

(c)  Results  in  severe  lnj  iry  or  death. 

A 

A 

C • Hazard  correction 

(a)  Hazardous  situation  can  be  easily  corrected, 

(b)  Hazardous  situation  Is  difficult  to  correct. 

(c)  Hazardous  situation  eanriot  be  corrected, 

a 

A 

32 

Hazard  of  Are  ignition  potential^  due  to  procedural  errort/eqiiiptnont  failure  of 
MSD 

L - Likelihood  uf  hazard 

(2) 

(a)  No  chance 
<b)  Highly  unlikely 

(c)  Fair  to  even  chance 

(d)  Highly  likely 

A 

b 

S - Severity  of  hazard 

(a)  No  resultant  injury, 

(b)  Results  In  injury  of  low  to  moderate  severity  requiring  first  aid  or  limited 

Jc]  Results  in  severe  injury  or  death. 

A 

A 

C - Hazard  correction 

(a)  Hazardous  sltutation  can  be  easily  corrected, 

(b)  Hazardous  situation  is  difAcult  to  correct, 

(c)  Hazardous  situation  cannot  bo  corrected. 

A 

A 

(1)  Oil  used  for  flushing  Is  not  flammable  under  ordinary  conditions.  However,  at  high  temperatures,  o,g., 
pretence  of  a Arc,  It  will  support  combustion. 

in  the 

(3)  If  initiation  comes  off  evaporator  or  vapor  treatment section, 
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MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


M/E  IV  - PERSONNEL  SAFETY 


MSD  GATX Sheet 5 Df  $ 


M/E 

Factor/ 

Subfactor 

ldent._No. 

SAFETY 

Characterlitics 

SAFETY 

Attribute  Data 

Collect.  /Transp, 
Subsystem 

Treat. /Disposal 
Subsystem 

4 

Hasaxd  of  electrical  dtock  potential  ^ for  operator/malntalnur  of  MSD 
b - Likelihood  of  hazard 

(a)  No  chance 

(b)  Highly  unlikely 

(o),  Fair  to  even  chance 
(d)  Highly  likely 

(3) 

b 

b 

S - Severity  of  hazard 

(a)  No  resultant  injury, 

(b)  Results  In  Injury  of  low  to  moderate  severity  requiring  first  aid  or  limited 

medical  treatment. 

(c)  Results  in  severe  Injury  or  death. 

b 

c 

C - Hazard  correction 

(a)  'Hazardous  situation  can  be  easily  corrected. 

(by  Hazardous  situation  Is  difficult  to  correct, 
tc)  Hazardous  situation  cannot  be  corrected. 

A 

• 

81 

Physical  hazards  associated  with  MSD  due  to  sharp  edges  ^ 

L - Ltkolthood  of  hazard 

(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chance 
<d)  Highly  likely 

(4) 

b 

(5) 

c 

S • Severity  of  hazard 

(a)  No  resultant  injury. 

(b)  Results  In  Injury  of  low  to  moderate  severity  requiring  first  air  or  limited 

medical  treatment. 

(c)  Remits  In  severe  Injury  or  death. 

a 

b 

C ' Hazard  correction 

(a)  Hazardous  situation  can  he  easily  corrected, 

(b)  Hazardous  situation  is  difficult  to  correct. 

(c)  Hazardous  situation  cannot  be  corrected. 

• 

a 

A 

fl)  Electric  ihook  may  reiulc  in  leveto  bums  and/or  deatht  in  addition,  reaccton  to  electric  ihock  may  cuuc  affected 

Individual  to  be  thrown  wide,  poulbly  subjecting  him  to  severe  Impact  injurtei  and/or  contact  with  iharge  edgei/hot 
lurflcei, 

(3)  Combined  effect  of  Injury'  due  to  iharp  edgei/polna  and  sewage  contamination  may  Introduce  harmful  pathogen*  Into 
the  blooditream  of  an  affected  Individual. 

(3)  In  servicing  flushometer,  commode  mlctwwltch  flush  iwltch,  M/T  pump,  It  li  pouible  for  maintainor  to  get  tin 


electric  shock, 

(4)  If  maintalner  had  to  dislodge  hard  material  which  had  iharp  edgei  by  the  M/T  pump, 

(D)  , Hard  objeptl  may  be  sharpened  by  paiiiug  through  M/T  pump  and  may  Jam  iludge  pump;  In  servicing  cither  pinup, 
may  get  cm  on  sharpened  object,  ^22 

. Iniide  electrical  control  box,  there  are  many  burn  from  itamped  metal  parti. 

. Stalnlew  iteel  evaporator  homing  may  have  iharp  edgei  on  which  maintainor  could  be  cut. 


. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


M/E 
Factor/ 
Subfactor 
Ident.  No. 


IV  - PERSONNEL  SAFETY 


SAFETY 


Characteristic!  

Physical  hazards  associated  with  MSD  due  to  hot  surfaces 
l - Likelihood  of  hazard 

(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chance 

J3L  i!l8  y & I1 2 * 4  — - - . « 


Sheet  6 of  6 

SAFETY 
Attribute  Data 

Collect.  /Transp,  Treat.  /Disposal 
Subsystem  Subsystem 

a)  (2) 


S - Severity  if  hazard 


(a)  No  resultant  injury. 

(b)  Results  in  Injury  of  low  to  moderate  severity  requiring  first  aid  or  limited 

medical  treatment. 

_{cj_  _R«ults_In_  severejnjur^  or  d eath^  _ _ 

C - Hazard  correction 


(a)  Hazardous  situation  can  be  easily  corrected. 

Hazardous  situation  1s  difficult  to  correct, 
(cl  Hazardous  situation  cannot  be  corrected. 


Physical  hazard  for  maintainer  of  MSD  due  to  rotating  machinery 
L - Likelihood  of  hazard 

(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chance 



S - Severity  of  hazard 


(a)  No  resultant  Injury, 

(b)  Results  In  injury  of  low  to  moderate  severity  requiring,  first  aid  or  limited 

medical  treatment 

(c) ^  Remits  In  severe  bijury  ot  death.  _ _ 

C * Hazard  correction 


' (a)  Hazardous  situation  can  be  easily  corrected,  a 

(b)  Hazardous  situation  is  difficult  so  correct, 

I (c)  Hazardous  situation  cannot  be  cottected. 

(1)  Maintainer  might  touch  hot  pump  motor. 

(2)  . Vapor  treatment  section  surfaces  sue  well  insulated;  11  over  temperature  switch  fails,  section  can  overheat. 
. Evaporator  is  Insulated;  maintainer  removing  evaporator  cover  while  still  hot  may  get  a burn. 

;S)  From  M/T  pump,  If  maintainer  very  careless. 

(4)  From  sludge  pump,  if  maintainer  cureless. 


I 
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. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


M/E V - HABITABILITY 


MSP,,  _ Sheet  1 1 of  3 


M/E 

Factor/ 

Subfactor 

Went.  No, 

HABITABILITY 

Characteristics 

HABITABILITY 

Attribute  Data 

T 

Collect.  /Transp, 
Subsystem 

: i 

Treat.  /Disposal 
Subsystem 

U 

' " ' 1 a 

Habitability  JaroblcmsC A>  associated  with  bacterial  contamination  duo  to  MSD 
Inherent  design 

(a)  Thete  is  no  bactctial  contamination  habitability  problem  due  to  MSD 

subsystem  inherent  design  features, 

(b)  There  is.  a bacterial  contamination  habitability  problem  clue  to  MSD 

subsystem  Inherent  design  features. 

a 

A 

12 

Habitability  problems!*)  associated  with  bacterial  contamination  due  to 
procedural, crrors/equtpmcnt  failures  of  MSD^ 

(a)  A bacterial  contamination  problem  due  to  procedural  errors/ equipment 

failures  of  MSD  subsystem  U highly  unlikely. 

(b)  Procedural  ertots/equlpment  failures  of  MSD  subsystem  are  likely  to  cause 

a bacterial  contamination  problem 

(3) 

b 

A 

21 

MSD  fixture  comfort 

(a)  , Commodes  and  urinals  are  comfortable  and  easy  to  use  even  under  ship’s 

motion, 

(b)  Commodes  and  urinals  ate  not  comfortable  and  easy  to  use  under  ship’s 

motion. 

A 

N/A 

22 

Fiusliing  procedure  requirements  for  MSD  fixture 

(a)  There  ate  no  "non-standard"  requirements  for  flushing, 

(b)  There  are  “non-standard1’  requirements  for  flushing. 

b 

N/A 

\ 

23 

Waste  retention  In  MSD  cotnmode  bowl 

(a)  The  amount  of  waste  that  remains  In  die  bowl  after  flushing  Is  less  than 

tint  remaining  after  flushing  a standard  full  ‘.rater  flushed  fixture, 

(b)  The  amount  -./waste  I’l.tt  t:  mains  In  the  bowl  afkx  Hushing  b die  same 

as  Utat  remaining  after  Hushing  a standard  full  water  flushed  fixture, 

(c)  The  amount  of  waste  dtac  remains  in  tho  bowl  after  fiusliing  is  mote  than 

that  remaining  after  flushing  a standard  full  water  flushed  fixture. 

c 

N/A 

(1)  Ai  distinguished  from  problems  of  health  arid  safety;  likely  psychological  reactions  of  users  are  a matter  for 

consideration. 

(2)  A vacuum  waste  collection  subsystem  is  leas  likely  to  expose  personnel  to  sowage  iu  case  of  a Uno  break  than  a 

prcssurUod  waste  collection  subsystem;  fresh  water  connections  to  MSB  subsystems  have  a potential  for  contaminating 
the  veaid's  potable  water  supply. 


(3)  lltc  GATX  MSD,  because  it  has  a pressurized  sewage  collection  system,  is  more  likely  to  expose  personnel  to 
sewage  in  case  of  u line  break. 
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FFECTIVENESS  ATTRIBUTE  DATA 
V - HABITABILITY 


HABITABILITY 

Attribute  Data 

Collect,  /Ttantp, 
Subsystem 

Treat,  /Disposal 
Subsystem 

(3) 

b 

N/A 

a 

N/A 

HABITABILITY 

Charactctlsdct 

Livelihood  of  user  contact^  witli  MSD  fixture  flushing  medium 

(a)  Uier  it  unlikely  to  come  Into  contact  with  fluihing  medium. 

(b)  User  it  more  Ukely  to  come  Into  contact  with  flushing  medium  than  with 

ttandard  water  fluihed  fixture, 

Appearance  of  MSD  fixture  fluihing  medium 

(a)  The  color  and  general  appearance  of  the  flushing  medium  ft  at  acceptable 

at  dear  water, 

(b)  The  color  and  general  appearance  of  the  flushing  medium  are  acceptable, 

but  clear  water  It  preferable, 

(c)  The  color  and  general  appearance  of  the  flushing  medium  are  not 

acceptable.  

Moise  produced  In  flusiting  MSD  fixtures 

(a)  The  noise  produced  In  flushing  fixtures  It  less  than  that  of  a standard 

commode/urinal, 

(b)  The  noise  produced  in  flushing  fixtures  it  the  tame  as  that  of  a standard 

commode/urinal, 

(c)  The  noise  produced  In  flushing  fixtures  Is  greater  than  that  of  a ttandard 

commode/urinal. 


Odors  produced  at  a result  of  Inherent  MSD  design 

(a)  The  MSD  subsystem  produces  nu  odor  as  a result  of  Inherent  design, 

(b)  The  MSD  subsystem  produce*  a noticeable  odor  as  a result  of  inherent  design. 

Odors. produced  as  a result  of  procedural  errors/equipment  failures  of  MSD 

(a)  The  MSD  subsystem  produces  no  oJot  at  a result  of  procedural  errors/ 

equipment  failures. 

(b)  The  MSD  subsystem  produces  a noticeable  odor  at  a result  of  procedural 

ctrors/cqulpment  failures. 

Heat  generation  for  nearby  personnel^  due  to  inherent  MSD  design 

(a)  At  a result  of  inherent  design  features,  the  MSD  subsystem  does  not  generate 

enough  heat  to  render  Its  vicinity  hotter  than  most  shipboard  areas 
containing  machinery, 

(b)  At  a result  of  inherent  design  featutes,  die  MSD  subsystem  does  generate 

enough  heat  to  tender  its  vicinity  hotter  than  most  shipboard  areas 
containing  machinery, 


(1)  Due  to  flushing  medium  composition,  fixture  aetlgn,  motion  of  vessel  (which  may  cause  splatter,  splashing,  or 

spillage  of  flusiilng  medium). 

(2)  For  operator/malntalner/adjaccnt  berthing  and  working  areas, 

(3)  Tito  GATX  MSD,  because  It  hat  a pressurized  sewage  collection  system  it  more  Ukely  to  expose  personnel  to  icwAge 

in  case  of  a line  break. 

(4)  Evaporator  sealed, 

(tt)  If  flapper  valve  doesn't  teat  well.  j 2 5 

(6)  . If  open  equipment  and  don't  reseat  seals  correctly,  sUght  odor  will  result. 

. If  vapor  treatment  section  Is  not  functioning  and  Is  therefore  In  bypass  mode,  odor  miy  be  vented  to  deck. 
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MSD  GATX 

M/E 

Factor/ 

Subfactor 

Itlcnt.  No.  


. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 
v,  V-  MAB1TA3ILITY 


HABITABILITY 


Characteristics 

,U>  „ 


42  Heat  generation  for  nearby  personnel  due  to  procedural  error*/ equipment 
failures  of  MSD, 

(a)  The  MSD  subsystem  does  not  generate  enough  heat  as  a result  of 

prouedural  errors/equipment  failures  to  render  its  vicinity  hotter  titan 
most  shipboard  areas  containing  machinery. 

(b)  The  MSD  subsystem  does  generation  enough  beat  as  a tesult  of 

procedural  error*/ equipment  failures  to  tender  its  vicinity  hotter  titan 
_______  most  shipboard  areas  containing  machinery, 

5 Noise  level  for  personnel  In  vicinity  of  MSD*1* 

NI  - Noise  Index 

(a)  The  MSD  subsystem  is  silent  or  neatly  silent. 

(b)  Noise  level  of  MSD  subsystem  Is  approximately  equal  to  background 

noise  level  of  vessel. 

(c)  The  MSD  subsystem  is  very  loud,  produces  constant  noise,  drowns  out 

vessel  background  noise  in  immediate  area  of  the  system;  must  shout 
to  be  heard, 

8 Vibration  levels  for  nearby  personnel*1*  produced  by  MSD  machinery 

VI  r Vibration  Index 

(a)  MSD  subsystem  produces  little  or  no  perceptible  vibration  In  addition  to 

background  level  on  vessel. 

(b)  MSD  subsysreni  produces  perceptible  vibration,  but  similar  to  vessel 

background, 

(c)  MSD  subsystem  produces  abnormal  or  disturbing  Intensity  and/or 

_____  frequency  of  vibration. 

7 Effect  of  MSO  on  user  housekeeping  routines  (restrictions  on  user  imposed  by 

subsystem*), 

(a)  Subsystem  characteristics  do  not  impose  restriction*  on  user. 

(b)  Subsystem  characteristic*  impose  restrictions  on  user, 

(1)  For  operator/ mulmainer/ adjacent  berth  and  working  areas, 

(2)  8,  g,  . Must  use  water-soluble  toilet  paper  which  is  not  as  comfortable  a*  usual 

toilet  paper, 

. Must  use  special  bowl  cleaner  which  is  leas  effective  than  usual  cleaner 
, Cannot  dump  detergents  down  galley  sink;  must,  store  and  off-load  at  shore, 

(3)  , if  compressed  air  line  breaks,  (o)  applies 

. If  bearing*  In  pumpa  are  very  worn,  (o)  applies. 

> If  steam  Jacket  vunts-steam  nolle  is  of  short  duration. 

(4)  If  hard  materials  get  into  M/T  pump,  (b)  or  (c)  applies, 

(5)  Detergent  is  very  likely  to  cauac  foaming  in  evaporator, 


HABITABILITY 

Attribute  Data 

Colleot./Transp, 

Subsystem 

Treat,  /Disposal 
Subsystem 

a 

A 

b 

(3) 

b 

A 

(4) 

a 

A 

(6) 

b 
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. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


M/E  VI  - RELIABILITY 
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M/E 
Factor/ 
Subfactor 
Ident.  No. 

RELIABILITY 

Characteristic! 

"reliability 

Attribute  Data 

Collect, /Tramp. 
Subiy»rem 

Treat.  /Disposal 
Subsystem 

21 

MSD  complexity 

Complexity  index  of  MSD  iubiyitem  bated  on  a complexity  ranking  from 

1 to  0. 

4 

2 

23 

Extent  of  MSD  equipment/component  redundancy^ 

(a)  There  li  tome  ilgnlficant  redundancy  In  the  MSD  iubiyitem 'i  major 

component!. 

(b)  There  It  no  significant  redundancy  In  the  MSD  aubiyttem'i  major 
- component!, 

(6) 

a 

<*) 

a 

24 

Degree  of  equipment  failure  Independence 

(a)  There  la  a high  degree  of  equipment  failure  Independence  In  MSD 

iubiyitem. 

(b)  There  la  a moderate  degree  of  MSD  equipment  failure  Independence  In 

MSD  iubiyitem, 

(c)  There  la  a low  degree  of  equipment  failure  independence  In  MSD 

iubiyitem. 

(8) 

b 

(9) 

b 

25 

Adequacy  of  MSD  equipment  ratingi 

(a)  Moit  MSD  iubiyitem  equlpmemi  are  o vena  ted. 

(b)  Some  MSD  iubiyitem  equipment  ratingi  ate  nominal,  lome  are  overrated, 
(o)  Some  MSD  subayitem  equipment!  are  underrated,  some  arc  nominally 

rated. 

(d)  Mott  MSD  iubiyitem  equipments  are  underrated. 

(10) 

b 

(11) 

b 

26 

Provisions  for  fault  actuated  cut-off  mechanisms!1 2 3)  for  MSD  protection 

(a)  There  are  many  fault  actuated  mechanisms  In  MSD  subsystem,  or  they  are 

not  required/4 * 6 7) 

(b)  There  are  tome  fault  actuated  mechanisms  In  MSD  iubiyitem. 

(c)  There  are  no  or  almost  no  fault  actuated  meohanlims  in  MSD  iubiyitem. 

C 

(12) 

b 

3 

Reliability  rfik  for  MSD(5) 

(a)  MSD  subsystem  hat  a history  of  fair  or  better  test  result! , 

(b)  MSD  tubiystem  hat  a history  of  poor  test  remit!. 

(c)  No  teit  results  are  available  for  MSD  iubiyitem. 

a 

a 

(1)  Any  redundancy  in  electronic  circuitry  la  not  conildered. 

(2)  I.e. , failure  of  one  Item  will  not  reiult  in  failure  of  major  component  or  tubayttem. 

(3)  Include!  mechanltmi  tot  (1)  alert  operator /maintains  to  high  itreti  or  abnormal  condition!  that  will  reiult  in  failure, 

and/or  (11)  to  correct  thoio  condition!  or  tom  off  equipment. 

(<l)  E.g, , itandard  commodci  and  urlnali  In  a gravity  drain  sewage  collection  tubiyitem  do  not  require  fault  actuated 
cut-off  mechanltmi. 

(6)  E.g.,  Innovative  deilgn,  experience, 

(6)  Plxtureat  poialbly  M/T  pumpi. 

(7)  , Six  electric  h eaten  Inttalled  In  tteam  Jacket:  only  three  used. 

. Fourteen  ipray  noezlei  In  evaporator 

, May  drain  evaporator  in  one  of  two  wayi.  “ ' 

Footnotei  continued  on  following  page. 
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(8)  If  M/T  pumps  do  not  shut  off,  may  over  fill  evaporator. 

(0)  . If  vapoi  treatment  section  falls,  can  operate  but  will  produce  odor, 

. If  pumps  run  dry.  will  accelerate  shaft  seal  wearout,  stress  impeller. 

(10)  M/T  pumps  overrated, 

(11)  Electrical  heaters  and  sludge  pump  may  be  overrated, 

(12)  , Pressure  relief  valves  on  steam  jacket,  evaporator. 

. Level,  temperature  and  pressure  sensors  in  vapor  treatment  section, 

. Pressure  twitch  In  compressed  air  line:  Interlock  type  cannot  heat  evaporator  or  vapor  treatment  section 
without  it. 
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M/E 


VII  - MAINTAINABILITY 


MSD 


GATX 


Sheet  1 of  2 


• i 

(4) 

i »> 

.V 

(8) 

f t- 

i f. 

(0) 

' f 

(7) 

j;  K- 

l !■ 

(8) 

M/E 
Factor/ 
Subfactor 
Ident.  No. 

MAINTAINABILITY 

Characteristics 

MAINTAINABILITY 
Attribute  Data 

Collect.  /Tramp, 
Subsystem 

Treat,  /Disposal 
Subsystem 

131 

Accessibility  of  replaceable  MSD  component* 

(a)  High  degree  of  accessibility  in  MSD  subsystem  components. 

(b)  Moderate  degree  of  acceiiihllity  in  MSD  subsystem  component*. 

(c)  Low  degree  of  accessibility  in  MSD  subsystem  components, 

(4) 

0 

(8) 

c 

132 

Extent  of  MSD  modularization  for  ease  of  repair  /replacement 

(a)  High  degree  of  MSD  subsystem  moduiarliatlon. 

(b)  Moderate  degree  of  MSD  subsystem  modularization. 

(o)  Low  degree  of  MSD  lubiyttem  modularization. 

b 

A 

133 

Degree  of  MSD  repairabUlty  on  board  venal. W 

(e)  All  MSD  subsyitem  Items  an  repairable  on  vessel. 

(b)  Some  MSD  subsystem  Items  an  repairable  on  vesmlt  some  must  benplaced. 
(o)  All  MSD  subsystem  items  must  be  replaced', 

A 

(6) 

b 

134 

Availability  of  manufacturer  field  support  and  training  programs  for  MSD 

(a)  Manufacturer  field  aupport  and  a training  program  Is  available. 

(b)  Manufacturer  field  support!2)  is  available  but  no  training  program  ia 

available, 

(c)  Manufacturer  training  program  is  available  but  field  aupport  Is  not 

available, 

(d)  Neither  field  aupport  nor  training  program  are  available  from  manufacturer. 

b 

b 

142 

Speclal/proprietary^  Item  reqtUromenu  for  MSD  equipment  repair 

(a)  No  special  Items  required  for  any  MSD  subsystem  repairs. 

(b)  Some  special  items  required  for  some  MSD  subsystem  repairs. 

(c)  All  items  reduired  for  MSD  subsystem  npaln  are  special  items. 

W~ 

b 

(8) 

b 

(1)  Venui  necessity  for  replacement  of  failed  equipment. 

(2)  May  include  tome  limited  training  support  during  initial  MSD  Installation. 

(3)  E.g.,  Incinerator  pots,  filter*  venut  standard  supply  part*. 

M/T  parts  difficult  to  access  became  of  overhead  location  and  weight  of  pump. 
To  get  at  flapper  valve  may  have  to  remove  entire  commode. 


handle  it  and  it  held  in  place  by  30  acrew  clampi. 

. Teflon  lining  of  evaporator  not  repairable  on  veaae!. 

. Heatett  not  uiually  repairable, 

■ Wlndlngi  In  motor*  not  uiually  veiiel  repairable, 
i Commode*  and  fluah  mechaniim  are  special, 

. Stainless  tteel  M/T  pump*  with  bran  homing  are  special, 
, Catalyit  and  container  ipecial. 

, Heater  may  be  ipecial, 

, Nozzle  and  lemon  In  evaporator  are  ipecial. 


129 


I 


t • 


ilii'l  1 i’i  inhli 


. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 
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M/E  VII  - MAINTAINABILITY 


MSD  GATX Sheet  2 of  2 


M/E 
Factor/ 
Subfactor 
Went,  No. 

MAINTAINABILITY 

Chiracteriitlci 

MAINTAINABILITY 
Attribute  Data 

Collect. /Transp. 
Subsystem 

Treat.  /Disposal 
Subsystem 

23 

Effect  of  MSD  preventive  maintenance  on  watchitander  toutlnei 

(a)  No  effect  on  watchitander  routlnei.  ^ 

(b)  There  la  aome  effect  on  watchitander  routlnei. 

a 

a 

33 

Special  docking  requirement!  for  MSD  overhaul! 

(a)  There  are  no  special  docking  requirements  for  die  MSD,  ^ 

(b)  There  are  special  docking  requirements  for  die  MSD. 

a 

a 

4 

Logistic  requirement!  for  MSD 

(a)  No  apeolal  parts  are  required  for  the  MSD  lubaystem, 

(b)  Few  different  categories  of  a pedal  parts  ore  required  for  the  MSD 

subsystem  and  there  are  few  parts  In  each  category. 

(o)  Few  different  categories  of  apeclal  pans  are  required  for  die  MSD  Mbayatem 
but  many  parti  of  each  type  are  required,  or  many  different  categories  of 
special  parts  are  required  but  there  are  few  parti  in  each  category. 

(d)  Many  different  categories  of  para  are  required  for  the  MSD  subsystem  ahd 
there  le  a large  number  of  parts  iu  each  oatenory, 

b 

b 

(1)  By  C*G.  direction,  thin  appllei  to  all  MSDi  oonal dared  lu  this  study. 
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EQUIPMENT  AND  INITIAL  SPARES  ACQUISITION  COSTS 


Equipment 

Equipment 

Cost 

Cost  of  Associated 
Initial  Scares  Packaged 

Commode 

$ 750 

$ 50 

Urtnal  Flushometer 

150 

10 

Macerator/Transfer  Pump 
(Including  contactor) 

’resh  W 1, 500(b) 
saltW.  3j_000  . 

1,  500(b) 

50 

Evaporator 
(With  sludge 
pump  and 
controls) 

20  aal. 

14. 100 

600 

40  oal. 

14,400 

600 

60  gal. 

15,000 

600 

80  oal. 

15,500 

600 

Vapor  Treatment  Section 
(Including  controls) 

2,000 

250 

Note  8 


1.  Please  supply  cost  estimates  for  each  equipment  based  on  a 
production  run  of  100  units. 

2.  All  cost  estimates  are  to  be  based  on  1976  costs. 

3.  Identify  recommended  contents  of  Initial  Spares  Package 
associated  with  each  equipment. 


(a)  Manufacturer  recommends  one  initial  spares  package  for  every 
associated  equipment  on  board  the  vessel. 

Os)  U.S.  Coast  Guard  policy  is  to  use  fresh  water  flushing  and  to 
stock  one  extra  M/T  pump  per  vessel  regardless  of  the  number  of 
such  pumps  installed  on  the  vessel. 
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Uso-yt  Race 


Vhere  multiple  units  are  designated  - fixed  costs  are  multiplied  by  the  appropriate  multiple  but  per  capita  costs  are  treated  on  a per  caj 
and  are  not  affected  by  equipment  multiplicity. 


MSD  PREVENTIVE  (SCHEDULED)  MAINTENANCE  CHARACTERISTICS  AND  COST  ESTIMATES 

(Based  on  100%  Utilization  Factor) 
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ICTIVE  (UNSCHEDULED)  MAINTENANCE  CHARACTERISTICS  AND  COST 
(Based  on  100%  Utilization  Factor) 
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MSD  MAJOR  OVERHAUL  CHARACTERISTICS  AMD  COST  ESTIMATES 
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CHRYSLER  'AQUA -SANS"  RECIRCULATING  OIL  SYSTEM 
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PRINCIPLES  OF  OPERATION 

The  Chrysler  "Aqua-Sans"  is  a "no  disoharge"  MSD  that  differs  from 
most  systems  in  its  use  of  a refined  oil  to  flush  wastes  from  commodes 
and  urinals  instead  of  water.  Since  the  oil  is  immiscible  with,  and  less 
dense  than,  the  wastes,  gravity  separation  is  effective  in  disengaging 
the  oil  from  the  wastes  to  be  destroyed.  The  oil  is  recirculated  as  a 
flush  fluid  for  both  urinals  and  commodes.  It  is  purified  by  filtration  and 
adsorption  and  chemically  disinfected.  The  wastes  are  vaporized  and 
burned  in  an  incinerator. 

The  equipment  is  available  in  predesigned,  functional  modules 
of  varying  sizes  or  capacities.  The  modules  are: 

. Separation  tank 

. Pressurization  and  Fluid  Maintenance  package,  which 
is  separated  into  two  modules  in  the  larger  size. 

. Sludge  holding  tank,  used  in  larger  systems 

. Incinerator. 

The  collection  (and  recirculation)  subsystem,  comprised  of  the  Separation 
Tank  and  Pressurization  and  Fluid  Maintenance  (P  & FM)  package,  is 
operational  at  all  times,  regardless  of  vessel  location  (l.e.,  in  or  beyond 
restricted  waters  or  at  pierslde),  in  order  to  provide  toilet  facilities  for 
the  crew.  For  servicing,  or  during  an  emergency,  the  fluid  maintenance 
portion  of  the  P&FM  package  can  be  shut  down  and  remain  inoperative 
until  odor  becomes  too  objectionable.  While  at  pierside  or  beyond  restricted 
waters,  collected  wastes  can  be  pumped  to  a pier  connection  or  overboard 
from  the  sludge  holding  tank,  permitting  the  inoinerator  to  be  nonoperational 
In  a small  system  that  does  not  have  a sludge  holding  tank,  an  ejection 
tank  can  be  added  for  Just  this  purpose. 

The  Chrysler  MSD  is  essentially  automatic,  requiring  supervision  of 
equipment  operational  status  plus  the  following  periodic  efforts  during 
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normal  operating  conditions: 

. Ash  removal  from  the  incinerator 
. Addition  of  chlorine  disinfectant  tablets 
. Replacement  of  filters  (prefilter,  charcoal  and  clay) 

. Replacement  of  filter  bag(s)  in  separator  tank 
. Addition  of  make  up  flush  medium  (oil) 

. Complete  replacement  of  system  flush  fluid, 

A functional  block  diagram  of  the  Chrysler  "Aqun-Sans"  Oil  Recirculation 
System  is  presented  in  Figure  9. 


'COLLECTION  SUBSYSTEM' 
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Figure  9 

CHRYSLER  "AQUA-SANS”  RECIRCULATING  OIL  SYSTEM 


SYSTEM  DESCRIPTION 


w. 


For  ease  of  description  and  visualization  of  a hybrid  WMS,  the 
Chrysler  MSD  is  presented  in  two  subsystems:  a collection  and  recircula- 
tion subsystem,  and  a disposal  subsystem. 

It  is  noted  that  in  a recirculation  system,  the  division  between  the 
waste  collection,  transport,  treatment,  and  disposal  subsystems  is  not 
clearcut.  For  purposes  of  describing  the  system,  it  is  subdivided  into  two 
subsystems,  such  that  the  waste  collection,  transport  and  treatment 
functions  form  one  subsystem,  and  the  waste  disposal  funotion  (i.e.,  the 
incinerator)  forms  the  other  subsystem.  However,  for  purposes  of 
analyzing  some  of  the' effectiveness  characteristics,  It  was  more 
convenient  (mainly  to  preserve  some  similarity  with  the  Grumman  and  CHT 
collection  subsystem)  to  use  a different  subdivision.  The  subdivision  there 
is  such  that  the  waste  collection  and  transport  system  (consisting  of  the 
commodes,  urinals  and  the  standard  drain  pipes  only)  forms  one  subsystem, 
with  the  treatment  and  disposal  functions  (consisting  of  the  remainder  of 
the  system)  forming  the  other  subsystem.  ' 

Collection  and  Recirculation  Subsystem 


The  collection  and  recirculation  subsystem  is  comprised  of  the 
following: 


Standard  commodes  and  urinals 

Existing  standard,  sloped,  gravity  - drained  sewer  pipes 
Separation  tank 

Pressurization  and  fluid  maintenance  package 
Return  piping  for  flushing  medium 
Controls 


A,  Commodes  and  Urinals 

The  commodes  and  urinals  are  the  existing,  standard,  full-flush 
fixtures.  The  associated  flushometers  might  require  a change  in  the  timing 
orifice  in  order  to  maintain  the  same  flush  volume,  if  it  is  so  desired. 
Otherwise,  everything  remains  standard. 
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B.  Separation  Tank 

The  separation  tank  is  a two  compartment  module  in  which  the  old 
disengages  from  the  aqueous  wastes,  is  disinfected,  filtered  and  stored 
in  a reservoir.  The  first  compartment  provides  a quiescent  volume  in  which 
oil  and  water  (aqueous  wastes)  separate  by  gravity.  The  urine,  feces  and 
toilet  paper  settle,  to  be  contained  in  the  hopper  shaped  bottom.  An 
external  level  sight  gage  shows  the  height  of  the  interface  between  the 
aqueous  phase  and  the  oil.  Valves  at  top  and  bottom  provide  Isolation  for 
ohemioal  cleaning  of  the  level  gage.  The  transparent  section  of  the  level 
gage  is  made  of  a short  block  of  acrylio  in  which  two  electrodes  detect 
the  presence  of  water  between  them.  Upon  signal  from  the  level  sensor, 
a macerator/transfer  (MA)  pump,  operating  for  about  ten  seoonds,  with- 
draws some  of  the  aqueous  waste  from  the  hopper.  The  pump  is  mounted 
externally  at  one  end  of  the  separator  tank  and  is  connected  to  the  hopper 
by  a four  inch  line  with  a diaphragm  shut  off  valve  in  it.  Vertically 
mounted  on  the  1- 1/4  inch  discharge  pipe  from  the  pump  is  a ball  check 
valve. 

Inside  the  tank,  lying  horizontally  at  the  top  of  the  first  oompartment, 
is  a fiberglass  furnace  filter  which  acts  to  coalesce  any  fine  droplets  of 
water.  Larger  water  drops  settle  more  readily.  Keeping  the  coalescer  in 
place  is  a piece  of  expanded  metal  plate,  upon  which  the  chemical  chlorine 
tablets  are  laid.  As  flush  fluid  and  wastes  enter  the  settling  compartment 
through  a submerged  pipe,  separated  oil  is  displaced  upward  through  the 
coalescer  and  plate,  dissolves  some  disinfectant  and  overflows  the  com- 
partment baffle. 

The  falling  oil  is  filtered  through  a preformed  felt  bag  which  removes 
particles  of  the  chlorine  tablets  that  might  be  carried  over.  The  bag  is 
located  in  the  second  compartment  above  the  reserve  oil  level.  A small 
blower  pullB  air  into  the  tank  through  an  inverted  vent  connection  across 
the  top  of  both  compartments  and  discharges  it  into  a two  inch  vent  line. 
The  cover  is  a flat  lid  that  provides  sufficient  sealing  to  allow  odor  removal 
by  the  blower.  It  is  secured  by  four  quick  release  clamps. 
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In  addition  to  the  contactor  for  the  M/T  pump,  the  controls  include 
relays  and  timers  for  the  following  logic  functions.  The  signal  from  the 
level  sensing  electrodes  must  be  continuous  for  about  20  seconds  before 
the  M/T  pump  will  start.  This  avoids  false  signals  due  to  sloshing  caused 

4 

by  vessel  movement.  After  pumping  for  10  seconds,  the  pump  is  deactivated 
for  two  to  three  minutes  before  accepting  another  signal  from  the  level  sensor. 
This  allows  equalization  of  the  level  in  the  hopper  and  the  level  gage  as  well 
as  permitting  wet  solids  (e.g.  pieces  of  toilet  paper)  to  fall  from  the  down- 
ward  slanted  electrodes,  The  delay  helps  prevent  excessive  withdrawal  from 
tne  hopper,  assuring  that  only  aqueous  fluid  is  removed. 

Separation  tanks  are  available  from  the  manufacturer  in  five  sizes,  all 
operating  on  the  same  principles.  The  two  largest  sizes  are  designed  with 
each  compartment  as  a free  standing  tank  to  be  installed  close  to  each  other. 
This  option  is  available  with  the  smaller  units  on  a custom  designed  basis. 
The  sizes  of  interest  to  this  study  are  the  three  smallest  separation  tanks 
which  have  a maximum  oil  capacity  and  a 24-hour  man-loading  of: 

. Model  A:  81.5  gallons  - 20  men 

. Model  A/B:  156  gallons  - 50  men 

. Model  B:  209  gallons  - 160  men 

C.  Pressurization  and  Fluid  Maintenance 
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The  Pressurization  and  Fluid  Maintenance  (P&FM)  package  is  a pallet 
mounted  assemblage  of  equipment  which  provides  (1)  the  pressurization  of 
recirculating  flush  oil  for  distribution  to  the  commode  and  urinal  flusho- 
meters  and  (2)  the  purification  of  the  oil  in  a bypass  stream. 

The  pressurization  portion  consists  of  the  following: 

. Two  centrifugal  pumps  installed  in  parallel 
. A vertically  mounted  cylindrical  accumulator 
. A pressure  switch  and  pressure  gage 
, An  automatic  air  injector. 

Manual  ball  valves  are  used  to  isolate  the  standby  pump,  making  pump 

alternation  a manual  procedure.  The  pressure  switch  actuates  the  operating 

pump,  which  serves  to  keep  the  pressure  in  the  accumulator  between  the  preset 

limit  of  32  to  42  psig.  An  accumulator  is  necessary  in  order  to  accommodate 
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peak  flows  when  several  flushometers  are  operated  simultaneously.  The  original 
accumulator  design  contained  a troublesome  rolling  diaphragm  to  separate  the  air 
from  the  oil.  When  it  was  eliminated,  an  air  injector  was  added  for  replacing 
the  air  that  dissolved  in  the  oil  (air  is  more  soluble  in  oil  than  in  water). 

The  air  injector  is  a single -stroke,  flat  diaphragm,  compressor  that  operates 
once  every  time  the  pressurization  pump  starts  up,  using  the  oil  pressure 
to  compress  air. 

The  fluid  maintenance  portion  of  the  P&FM  paokage  is  a passive 
system  that  bleeds  a continuous  flow  of  oil  from  the  accumulator,  purifies 
it  and  returns  it  to  the  reservoir  compartment  of  the  separation  tank.  The 
components,  in  sequence,  are  as  follows: 

. A prefilter 

. A pressure  regulator 

. A charcoal  filter 

. A clay  filter 

The  pressure  regulator  stabilizes  the  pressure,  and  thus  the  flow,  from 
the  fluctuations  of  the  accumulator.  A pressure  gage  helps  set  the  flow 
and  gives  some  visual  indication  of  the  condition  of  the  purification 
components. 

The  prcf liter  Is  a corrugated,  cylindrical  paper  filter  in  cartridge 
form.  The  easily  replaced,  throw-away  element  protects  the  regulator  and 
the  fine  filters  from  clogging  prematurely.  The  first  filter  holds  activated 
charcoal  contained  in  a bag  of  non- woven,  very  porous  polypropylene 
doth.  The  charooal  adsorbs  organic,  odor- producing  compounds  as  well 
as  some  chlorine.  The  second  filter  contains  a larger,  cylindrical 
cartridge  in  which  an  annular  layer  of  clay  is  held.  The  clay  acts 
as  a very  fine  filter  for  particulates  as  well  sb  acting  as  an  adsorbent. 

Replacement  of  the  filters  is  performed  on  a regular  basis  or  when  the 
the  color,  clarity  or  odor  of  the  flush  fluid  is  unacceptable.  An  indication 
of  imminent  need  for  filter  replacement  can  be  seen  from  the  pressure 
reading  on  the  regulator  gage  or  the  flow  rate  of  the  return  stream  inside 
the  separation  tank.  A hand  valve  isolates  all  the  bypass  components 
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from  pressure.  The  prefilter  element  is  replaced  by  dropping  the  enclosing 
shell  after  unscrewing  a central  post  that  projects  through  the  top  of  the 
head  casting.  The  charcoal  and  clay  are  accessible  by  removing  the  tops 
of  their  containers,  after  releasing  a single  quick-opening  V-band  clamp. 

The  pressurization  and  fluid  maintenance  functions  for  larger  systems 
are  provided  on  two  pallets:  one  for  the  dual  pumps  and  one  for  the  puri- 
fication components.  The  accumulator  is  usually  custom  designed  and 
installed  independently  of  the  two  pallets.  The  component  functions  are 
identical  to  those  of  the  smaller  P&FM  package.  The  pressurization  pumps 
are  essentially  the  same  as  those  for  the  smaller  P&FM  package  but  the 
fluid  maintenance  components  are  larger  and  have  different  methods  for 
closure.  The  prefilter  elements  are  accessible  after  dropping  the  shell 
which  is  held  up  by  four  screws.  The  charcoal  filter  housing  uses  a cover 
plate  fastened  to  the  body  flange  by  six  bolts.  The  housing  for  the  clay 
cartridges  is  separated  in  the  middle,  after  releasing  a single  V-band  clamp. 

D,  Return  Piping 

The  return  piping  for  the  flushing  medium  is  simple,  ordinary  piping 
but  is  mentioned  separately  to  emphasize  that  in  an  existing  vessel,  it  will 
require  additional  piping.  At  some  point  or  points  on  the  way  back  to 
the  commodes  and  urinals,  it  joins  to,  and  makes  use  of,  the  piping,  already 
in  place,  that  leads  to  the  flushometers , At  the  point(s)  of  Juncture, 
complete  separation  from  the  previous  flush  water  supply  must  be  effected. 


-Vi'.- 

r!' 


E,  Controls 

Controls  for  the  separation  tank  and  the  P&FM  have  been  described. 
They  are  located  with  the  module  that  they  serve.  There  are  some  inter- 
connecting control  functions  between  the  separation  tank  and  the  disposal 
subsystem, which  are  described  with  the  latter. 
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Disposal  Subsystem 


The  disposal  subsystem  consists  of  an  incinerator  only  for  the  smaller 
systems,  but  includes  an  intermediate  sludge  holding  tank  in  larger 
systems . 

A.  Sludge  Holding  Tank 

The  sludge  holding  tank  (called  a waste  holding  tank  in  the  manufac- 
turer's catalog)  is  a rectangular,  hopper  bottom  tank  that  primarily  accommo- 
dates the  mismatch  in  instantaneous  flow  rates  between  the  separation  tank 
discharge  and  the  incinerator  input.  Its  other  function  is  as  a secondary 
separator  to  remove  any  oil  that  might  be  carried  over  from  the  separation 
tank. 

The  tank  is  supplied  with  its  own  stand  on  which  is  mounted  a close- 
coupled  centrifugal  pump- motor,  a belt  driven  progressing  cavity  pump, and 
the  necessary  interconnecting  piping.  Ancillary  items  on  the  tank  are: 

1)  three  level  sensors,  2)  external  level  sight  gage,  3)  exhaust  blower 
and  motor,  and  4)  electrical  controls . The  centrifugal  pump  periodically 
recirculates  the  top  layer  of  liquid  in  the  tank  back  to  the  separation  tank 
carrying  with  it  any  oil  that  has  separated  out.  The  progressing  cavity 
pump  feeds  the  incinerator  in  short,  timed,  batches . 

The  middle  level  sensor  signals  the  incinerator  to  warm  up  in  prepa- 
ration for  receiving  wastes,  and  the  lowest  sensor  stops  the  cyclic  transfer 
of  wastes  to  the  incinerator.  The  uppermost  sensor  indicates  an  overfill 
situation  and  can  actuate  an  alarm.  The  level  sight  gage  gives  the  operator 
a visual  indication  of  the  tank  status.  The  exhaust  blower  pulls  odor  bearing 
air  from  the  tank  Interior  and  discharges  it  to  a two  inch  vent  line. 

Two  sizes  of  sludge  holding  tanks  are  available  and  both  are  considered 
for  this  study.  The  Model  B holds  100  gallons  and  the  Model  C holds  2 00 
gallons  and  are  Identical  in  function  and  ancillary  equipment.  The  difference 
lies  In  the  physical  dimensions  of  the  tank  and  structure. 


B.  Incinerator 


The  incinerator  Is  a free  standing,  rectangular  unit  with  a weather 
resistant  enclosure,  in  which  the  concentrated  sewage  is  dehydrated  and 
burned.  The  wastes  are  piped  from  above  into  a metal  pot  where  the  water 
is  evaporated  and  the  organic  residue  is  burned.  A downward -firing  oil 
burner  assembly  directs  the  flame  into  the  pot  from  which  the  hot  gases 
must  pass  up,  around,  and  under  the  pot,  before  exiting  the  chamber.  A 
short  Metalbestos  section,  rising  vertically  from  the  top  of  the  unit,  is 
supplied  as  the  start  of  the  exhaust  stack.  A hinged,  insulated  door  on 
the  end  permits  withdrawal  of  the  pot  for  ash  removal. 

The  pot  was  originally  a rectangular  box,  welded  up  from  stainless 
steel  sheet,  Rapid  corrosion  failures  of  the  pot  prompted  development 
through  a series  of  designs  that  Included  welded  reinforcements  and 
exotic  metals.  The  aurrent  design,  apparently  successful,  is  spun  from 
two  pieces  of  SS309  plate  with  only  one  circumferential  weld.  Failure 
seemed  to  be  due  to  stress  corrosion  which  is  substantially  reduced  with 
the  currant  method  of  fabrication. 

Controls  include  solenoid  fuel  valves,  Ignition  transformer,  tempera- 
ture controller,  thermocouple  probe,  overtemperature  sensor  and  timer. 

The  sequence  of  actions  Is  as  follows:  The  level  sensor  in  the  separator 
tank  (or  the  sludge  holding  tank)  signals  a high  level,  when  the  electrodes 
become  wet  with  aqueous  waste.  At  this  time,  the  incinerator  timer  and 
blower  start.  If  the  high  level  signal  is  continuous  for  64  seconds,  the 
incinerator  burner  ignites.  When  the  temperature  reaches  1100°F  the  burner 
begins  to  cycle  in  order  to  maintain  this  temperature.  At  the  start  of  the 
second  cycle,  sludge  is  pumped  into  the  incinerator.  The  incinerator  burns 
for  approximately  34  minutes  and  then  shuts  down.  If  the  temperature  reaches 
1250°F,  the  overtemperature  sensor  actuates  visible  and  audible  alarms 
and  shuts  down  the  burner. 

A larger  incinerator  is  available  with  twice  the  capacity  for  human 


waste  (8  gallons  per  hour  vs.  4 gallons  per  hour).  Aside  from  being  physically 
bigger,  the  unit  has  two  burners  and  a two  stage  temperature  controller. 

One  burner  fires  into  the  pot  from  above,  as  in  the  smaller  unit,  and  one 
fires  horizontally,  below  the  pot  level.  The  controller  actuates  one  or 
two  burners  depending  upon  the  heat  demand  (difference  between  set  point 
and  actual  temperature) . 


Scaling 

Because  of  the  modularity  and  the  predesign  of  the  major  pieces 
of  equipment  comprising  the  Chrysler  MSD,  various  combinations  are 
available  for  differing  capacity  requirements.  For  example,  152  men  can 
be  accommodated  by  three  Model  A separation  tanks  or  one  Model  B. 
Pressurization  and  fluid  maintenance  can  be  provided  by  three  Model  A 
packages  or  one  Model  B pressurization  unit  and  onb  Model  B fluid 
maintenance  unit.  The  smallest  system  package  is  designed  for  20  men 
on  a 24  hour  basis . 
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COMPONENT  PHYSICAL  CHARACTERISTICS 


Wolght  (Lbs)  I 

Volume 

Dimentloni  (inches) 

Components 

Cnpaolty” 

Dry 

Hilled 

(CL  ft) 

Height 

Length 

Width 

Chrysler  Model  A 

20 

Separation  Tank  * 

men 

635 

1370 

51.9 

68 

55 

24 

Pump  and  Fluid 
Maintenance  Pkg. 

435 

540 

59.6 

67 

48 

32 

Incinerator 

575 

580 

27,1 

47 

36.5 

27.3 

Chrysler  Model  A/B 

SO 

men 

Separation  Tank  * 

1000 

2400 

79.1 

68 

67 

30 

Pimp  and  Fluid 
Maintenance  Pkg. 

435 

540 

59.6 

67 

48 

32 

Incinerator 

575 

588 

27.1 

47 

36.5 

27.3 

Chrysler  Model  B 

160 

men 

Separation  Tank  * 

1060 

3120 

116.7 

77 

77 

34 

Fluid  Maint.  Pkg. 

325 

555 

22.0 

49 

31 

25 

Pump  Pkg. 

245 

250 

10.6 

18 

34 

30 

Sludge  Holding  Tank 

6 10 

1445 

40.8 

49 

40 

36 

Incinerator 

575 

588 

27.1 

47 

36.5 

37.3 

Chrysler  Model  C 

Sludge  Holding  Tank 

980 

2650 

75.6 

BO 

43 

38 

Incinerator 

1600 

1626 

79.2 

41 

63 

53 

NOTE:  Control  panel  is  decentralized  on  current  production  models.  Individual 
controls  are  located  on  separation  tan'-,  pump  or  pump  and  fluid  main- 
tenance package,  waste  holding  tank  and  incinerator, 

* Separation  tank  normally  hag  two  vertical  compartments  which  con  bo  furnished 
as  two  Individual  tanks.  This  may  help  placement  In  tight  quarters. 
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CHRYSLER 


. STANDARD  COMPONENT  PIPE  CONNECTION  SIZES 


I 

I 


Chrysler  WMS  Components 

Separation  Tank  (for  Models  A,  A/B,  B) 

Waste  Inlet: 

Waste  Outlet  (Pump  discharge) 
Flush  Fluid  Outlet 
Flush  Fluid  Return 
Vent  Blower  Outlet 


Pipe  Connection  Size 


4 in.  NPT 
1 in.  NPT 

1 1/2  in.  NPT 
1/2  in.  NPT 

2 in. 


Pump  and  Fluid  Maintenance  System  (for  Models  A,  A/B) 


Flush  Fluid  Inlet 
Flush  Fluid  Supply 
Bypass  Fluid  Return 

Flush  Fluid  Pump  Package  (for  Model  B) 

Flush  Fluid  Inlet 
Flush  Fluid  Supply 

Fluid  Maintenance  Module  (for  Model  B) 

Fluid  Inlet 
Bypass  Fluid  Return 

Sludge  Holding  Tank  (for  Models  B,  C) 

Waste  Inlet 
Transfer  Pump  Outlet 
Recirculation  Pump  Outlet 
Vent  Blower  Outlet 

Inolnerator  (for  Models  A,  A/B,  B) 

Waste  Inlet 

Fuel  Suction  and  Return 
Stack 

Inolnerator  (for  Model  C) 

Waste  Inlet 

Fuol  Suction  and  Return 
Stuck 


Sludge  Ejection  Tank 

Waste  Inlot 
Vonl  Blower  Outlet 
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1 1/2  in.  NPT 
1 1/2  in.  NPT 
1/2  in.  NPT 


1 1/2  in.  NPT 
1 1/4  in.  NPT 


3/4  in.  NPT 
1/2  in.  NPT 


1 in.  NPT 
1 in.  NPT 

1 in.  NPT 

2 in. 


1 in.  NPT 
3/8  OD  tubing 
8 in.  ID  Metalbestos 


1 in.  NPT 

1/2  in.  NPT 

12  in.  ID  Metalbestos' 


1 in.  NPT 

2 in. 


' :.t;  may  vary  hum  cuima-tloii  siao  doponJliy  upon  liwallatlon. 


. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 
I - ADAPTABILITY  TOR 
M/E S 1 1 1PBOARD  INSTALLATION 


MSD CHRYSLER ___ Sheet  I of 4 


M/E 

Factor/ 

Sttbfactor 

Went.  No, 

INSTALLATION 

Characteristics 

INS  TALI  AT  ION 

Attribute  Data 

Collect./Tranip. 

Subsystem 

rreat,  /Disposal 
Subsystem 

12 

MSD  materials  disallowed  or  not  recommended.^ 

(OS 

(a)  No  disallowed  or  not  recommendod  materials  present'  ' in  MSD  subsystem. 

(b)  Sortie  disallowed  or  not  recommended  materials  present  in  MSD  subsystem, 

but  resultant  problems  can  be  solved  or  compensated  for. 

(c)  Presence  of  disallowed  or  not  recommended  materials  In  MSD  subsystem 

presents  problems  with  no  feasible  solutions. 

vith  t With 
tnbin  | Holding 
| Tank 

a 

a | a 

1 

1 

1 

1 

1 

j 

13 

Extant  of  additional  support  systems  ot  equipment  required  to  accommodate 
M3D<3> 

(D 

(8)  j (9) 

1 

1 

Identification  of  support  system  requirements  for  MSD  subsystem, 

1 

21 

Extent  of  fixture  modifications  required  for  MSD  installation. 

1 

1 

(a)  MSD  uses  standard  commodes  and  urinals. 

(b)  MSD  uses  non-standard  commodes  and  special  equipment  is  associated 

with  die  urinals. 

(c)  MSD  uses  non-standard  commodes,  special  equipment  Is  associated  with 
the  urinals  and  each  fixture  has  additional  hook-up  requirements. 

n 

1 

li/ A 

1 

1 

1 

1 

1 

22 

Extent  of  flush  medium  supply  modifications  required  foe  MSD  installation. 

1 

(a)  MSD  uses  sea  water  foe  flushing  fixtutej. 

(h)  MSD  uses  fresh  water  for  flushing  fixtures. 

(c)  MSD  uses  n noil-aqueous  for  flushing  fixtures. 

c 

N/A 

1 

1 

231 

Hookup  requirements^  for  MSD  Collcctlon/Transport  subsystem  installation. 

(10) 

i 

i 

(a)  MSI)  uses  standard  Col  lection /Transport  subsystem. 

(Ii)  MSD  uses  iccitc'ilailug  Colkct.lon/Ttn;i>jvui  sal  .,/skm.f1’) 

(c)  MSD  uses  non-standard  and  centralized  Collection/ Transport  subsystem, 

(d)  MSP  uses  non-standard  and  non-centralizcd  Collcctlon/Transport 

subsystem,!0) 

b 

i 

N/A 

1 

1 

1 

(1)  As  specified  In  mUthaptor*  J&F  of  Merchant  Marine  Code  and  C.O,  MSD  regulations, 

(2)  For  purposes  of  tills  study,  C.G,  directs  choice  (a)  for  all  MSPs. 

(3)  Examples 

. Firefighting  system  must  bo  Installed  with  incinerator. 

. Bilge  alarm  required  if  large  tank  Is  Installed  above  bilge, 

, Compressor  required  on  vessels  that  do  nor  already  have  one. 

. Detectors  of  toxic  or  noxious  gases  should  be  Installed  with  any  system  that,  as  an  inherent  design  feature,  uses 
such  gates  In  processing  wastes. 

(4)  Drain  piping!  electric  cables  for  connecting  commodes,  M/T  pump  and  control  panel,  compressed  air,  eto. 

(G)  In  existing  gravity  drain  system. 

(G)  Includes  conversion  from  reduced  flush  vacuum  collection  to  a standard  gravity  drain  system  with  or  without  recirculation. 

(D  Possibly  fire  fighting  equipment  In  head  spaces, 

( tl)  fire  fighting  equipment;  ventilation, 

(0)  Bilge  alarm  If  necessary. 

(IQ)  Iteelrculattng  oil  return  nookup  required,  standard  drains  used. 
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M/E 

Factor/ 

Subfactor 

Id  cut.  No.  


. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 
I - ADAPTABILITY  FOR 
M/E  SHIPBOARD  INSTALLATION 


INSTALLATION 

Characteristics 


Sheet 


232  Routing  flexibility  for  drain  piping  modifications1  ' associated  with  MSD  With  Hold 

Collecdon/Transport  subsystem  installation^)  Inoin.  Ta 

■ — " ' | - 1 "■ 

(a)  Routing  of  MSD  Collection /Transport  piping  Is  highly  flexible. 

(b)  Routing  of  MSD  CoUcction/Transport  piping  is  moderately  flexible  with  I 

some  restilcdona,  N/A 

(o)  Routing  of  MSD  Collection/Transport  piping  is  highly  inflexible.  _c 1 

(4)  I 

233  Space  requirements  for  MSD  Collecdon/Transport  subsystem  installation  ' ' 

(a)  Space  required  for  MSD  Collecdon/Trausport  subsystem  is  little  or  no  1 

greater  than  that  required  for  standard  Collecdon/Traniport  subsystem.  I 

(b)  Space  required  for  MSD  CoUcction/Transport  subsystem  is  moderately  b N/A 

increased  over  that  required  for  stnndnrd  Coilccdon/Transport  subsystem.  1 

(c)  Space  requited  for  MSD  Coileodon/Transport  subsystem  is  much  greater  I 

than  that  required  for  standard  CoUectinn/Tramport  subsystem. 

, 1-.— ...... , 1 

234  Modularity  of  MSD  Coilccdon/Transport  subsystem  (as  it  affects  installation).  ® ( 

(a)  Coilccdon/Transport  subsystem  Is  highly  modular.  a N/A 

(b)  There  is  an  opdon  for  some  decentralization  of  the  MSD  Collection/  * 

Transport  subsystem.  j 

_______  (c)  The  MSD  Collccdon/Tramport  subsystem  is  highly  centralized. * 

236  Vent  requirements  for  MSD  CoUcction/Transport  subsystem  installadon,  ^ 

(»)  MSD  Collecdon/Transport  subsystem  requires  no  vunts.  I N/A 

(b)  MSD  Coilccdon/Transport  subsystem  requires  few  vents.  I 

(c)  MSD  Collecdon/Transport  subsystem  requires  many  vents.  c t 

(1)  Of  tise  three  relevant  categories  of  routing  lines  (piping,  ventilation,  electrical),  piping  is  die  most  important  for 

assessing  ease  of  MSP  installadon. 

(2)  Notes  i 

. with  gravity  drainage,  lines  must  always  slope  downward  and  require  venting, 

, Smaller  size  lines  arc  inherently  more  flexible. 

. With  pump  or  vacuum  CoUcction/Transport  subsystem,  sharp  bends,  risers  and  long  mtis  can  bo  accommodated 
In  piping, 

(3)  Gravity  drainage  through  standard  drain  lines,  Routing  of  return  lines  (pressurized  and  Ailed)  is  highly  flexible.  Answer 
applies  to  new  installation  onlyi  If  standard  drain  linos  already  Installed  in  vessel,  diets  (a)  applies. 

(4)  Components  for  pressurized  return  (e.g, , accumulator). 

(8)  , Pressurization  oi  fluid  maintenance  package  is  separated  into  two  modules  In  the  latger  (100  man)  Model  D of  tile 

Chrysler  msd, 

. MSD  available  as  packaged  subsystems. 

(U)  As  for  standard  drain  lines  (i.e,  all  traps  must  be  vented).  Answer  applies  to  new  installation  only)  if  standard  drain 
line  already  installed  in  vessel,  then  (a)  applies. 
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. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 
I - ADAPTABILITY  FOR 
M/E  SHIPBOARD  INSTALLATION 


MSD  CHRYSLER 


INSTALLATION 

Characteristics 


Hookup  requirements^  for  MSD  watte  Trearmer.t/DUpotal  subsystem 
initallation 

(a)  Pipe,  duett  and/or  cubic  requirement!  for  the  MSD  Treatment/Diipotal 

tubiyitem.are  minimal, 

(b)  Pipe,  duett  and/or  cable  requirement!  for  the  MSD  Treatment/Diipotal 

tubtystem  are  moderate, 

(c)  Pipe,  duets  and/or  eable  requirements  for  the  MSD  Treatment/Diipotal 

tubiyitem.are  extemive. 


Degree  of  modularity  of  MSD  watte  Treatment/Diipotal  subsystems  (as  it 
affects  initallation)^) 

(a)  MSD  Treatment/Diipotal  subsystem  is  highly  modular, 

(b)  There  is  an  option  for  some  decentralization  of  the  MSD  Treatment/ 

Disposal  tubtystem. 

(o)  MSD  Treatment /Disposal  subsystem  is  highly  centralized. 


Vent  requirements  for  MSD  waste  Tteatment/Disposai  subsystem  installadoi/31 

(a)  No  vents  are  required  far  MSD  Treatment/Diipotal  tubayttcm, 

(b)  Vena  are  required  for  MSD  Treatment/Diipotal  tubtyttem. 


Exhaust  tuck  requirements  for  MSD  watte  Treatment/Disposal  subsystem 
Installation.  (4) 

(a)  Exhaust  stack  not  required  for  MSD  Treatment/Disposal  subsystem. 

(b)  Small  exhaust  stack  required  for  MSD  Trcatment/Diaposal  subsystem, 
o)  Large  exhaust  stack  required  for  MSD  Treatment/Disposal  subsystem. 


(1)  Piping  for  fuel  oil,  fresh  water,  cooling  water,  compressed  air,  interconnecting  remotely  located  equipment,  overboard 
dlacbaige  line,  etc.)  electric  cable!  for  power  supply,  remote  panels,  etc.  i ducting  for  ventilation,  etc, 

(2)  Decentralization  of  components  may  require  additional  hookup*  and  pining  runt. 

(3)  Venn  that  ate  only  Internal  to  the  compartment  in  which  tubtyttem  it  located  are  not  considered  here. 

(4)  Noteat 

. Electric  incinerator  requires  small  (2")  exhaust, 

. Fuel  Incinerator  requires  largo  (10”)  exhaust, 


(6)  Electric  power)  electrical  controls  (each  package  In  subsystem  has  its  own  control  panel)!  no  compressed  air, 
(0)  Fuel  supply  for  Incinerator. 

(7)  Subayttem  comet  in  package  units. 

(8)  Incinerator  separable  from  treatment  lubeyitemi)  may  be  mounted  in  any  convenient  location, 

(9)  Separation  tank  requires  small  vent. 

(10)  Sludge  holding  tank  requires  vent. 
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I - ADAPTABILITY  FOR 
M/S  SH IPBOAR  D INSTALLATION. 


MSD  CHRYSLER 
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M/E 
Factor/ 
Subfactor 
Ident.  No, 

INSTALLATION 

INSTALLATION 

Attribute  Dete 

Characteristics 

Collect.  /Trensp, 
Subsystem 

Treat.  /Disposal 
Subsystem 

25 

Ease  of  Installing  MSD  support  equipment^ 

Extent  of  additional  support  equipment  required  to  accommodate  MSD 

(8) 

with  ^ Holing 
Incinj  Tank 

l 

(a)  No  additional  support  equipment  required  for  MSD  subsystem. 

(b)  Some  additional  support  equipment  required  for  MSD  subayttem. 

(o)  Much  additional  support  equipment  required  for  MSD  subsystem. 

b 

(3)  1 W 

b , b 

1 

(i) 


Example*! 

. Firefighting  tyttem  muit  be  lm tailed  with  incinerator. 

. Bilge  alum  required  if  large  tank  it  initalled  above  bilge. 

. Comprenor  required  on  vessels  that  do  not  already  have  one, 

. Detectors  of  toxic  or  noxioui  gaiet  should  be  installed  with  any  system  that,  u an  Inherent  design  feature,  uses 
such  gases  In  processing  wastes. 


(2)  Fire  fighting  equipment  in  heads, 

(3)  Fire  fighting  equipment!  ventilation, 

(4)  Bilge  alarm  if  required. 
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II  - PERFORMANCE 


MSD  CHRYSLER 


N/A  | N/A 

System  cannot  bundle  gray  water 
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Attribute  Data 


Treat.  /Disposal 
Subivitem 


Effect  of  peak  hydraulic  loads  In  blaek^  water  stream  on  MSD  performance^2* 

(a)  No  significant  effect  of  black  water  pooler  on  MSD  subsystem  performance. 

(b)  Effect  of  black  water  peaks  is  of  short  duration,  with  temporary  implica- 

tions for  MSD  subsystem  performance,  easy  to  overcome. 

(c)  Long-term  effect  of  block  water  peaks,  difficult  to  overcome,  with  long- 

term Implications  for  MSD  subsystem  performance. 

(d)  No  ability  of  MSD  subsystem  to  handle  black  water  peaks. 


Effect  of  peak  hydraulic  loads  In  gray^1*  water  stream  on  MSD  performance  (2) 

(a)  No  significant  effect  of  gray  water  peaks  on  MSD  subsystem  performance. 

(b)  Effect  of  gray  water  peaks  Is  of  short  duration,  with  temporary  implications 

for  MSD  subsystom  performance,  easy  to  overcome. 

(o)  Long-term  effect  of  gray  water  peaks,  difficult  to  overcome  with  long-term 
Implications  for  MSD  subsystem  performance. 

(d)  No  ability  of  MSD  subsystem  to  handle  gray  water  peaks. 


Effect  of  low  flow  conditions /long  Idle  rimes  lu  black  water  stream  on  MSD 
performance!3) 

(a)  No  significant  effect  of  black  water  low  flow  condltioni/long  Idle  times  on 
MSD  subsystem  performance, 

i,b)  Effect  of  bluck  water  low  flow  condltlons/long  idle  timet  of  short  duration, 
with  temporary  implications  for  MSD  subsystem  performance,  easy  to 
overcome. 

(c)  Long-term  effect  of  black  water  low  flow  condltlons/long  Idle  times, 

difficult  to  ovorcomo,  with  long-term  implications  for  MSD  subsystem 
performance. 

(d)  No  ability  of  MSD  subsystem  to  handle  black  water  low  flow  conditions/ 

lent;  Idle  times. 


(1)  includes  instantaneous, hourly  and  dally  loads. 

(2)  Peak  load  handling  ability  depends  on  c/T  subsystem.  The  ability  of  an  MSD  which  employs  an  influent  surge  tank  to 

handle  peaks  usually  dopcndi  almost  entirely  on  die  sluing  of  tills  tank. 

(3)  An  example  of  low  flow  condition  is  when  7Ci'/j  of  tile  crow  Is  not  on  board  vesrel  for  n wuuk  and  usage  rate  by 
remaining  Sifi'ivof  crew  Is  normal,  Long  Idle  times  arc  on  the  order  of  several  weeks  of  virtually  no  usage  of  MSD. 


(4)  Lot  of  flushing  may  temporarily  reduce  supply  of  flushing  medium. 

(G)  , Hydraulically,  system  can  handle  peaks,  but  it  would  degrade  the  quality  of  receive  oil  for  several  hours  by  rendering 
separation  tank  loss  efficient;  filtration  would  clean  up  receive  oil  gradually  after  several  hours. 

. If  separation  tank  it  full  or  almost  full  when  peek  arrives,  It  may  not  be  able  to  scoept  more  input. 

. If  separation  tank  it  full  and  recirculating  pump  tries  to  recirculate,  there  may  not  be  any  mechanism  to  stop 
recirculation, 

. Accumulator  pressurization  pumps  are  large  (45  gpm)  and  have  good  capacity  for  peak  handling, 

(0)  . Many  lines  could  get  packed;  advisable  to  flush  out  lines  with  water  before  tetting  stand  Idle, 

. Line  from  bottom  of  separation  tank  to  M/T  pump  could  get  hardened. 

, For  long  Idle  times  mutt  drain  system  to  clean  out  separation  tank;  residue  may  cake  up. 

(7)  , Sludge  tank  (associated  with  Incinerator)  positive  displacement  transfer  pump  tends  to  suck  oat  sludge  (even  caked  sludge), 
, Line  from  M/T  pump  It  sludge  filled  but  high  velocity  tends  to  clear  line. 


} 


t. 


!■' 

t 

V, 


I:' 

K 

L 


1, 


MSD  EFFECTIVENESS  ATTRIBUTE  DATA 
M/E  II  - PERFORMANCE 


MSD  CHRYSLER sheet  7 of  4 


M/E 
I'aator/ 
Subfactor 
Idcnt.  No. 

Characteristics 

Attribute  Data 

Collect. /Trnnsp, 
Subsystem 

Treat.  /Disposal 
Subsystem 

322 

Effect  of  low  flow  conditions/long  idle  times  in  gray  water  stream  on  MSD 
performance^1) 

(a)  No  significant  effect  of  gray  water  low  flow  conditions/long  idle  times  on 

MSD  subsystem  performance. 

(b)  Effect  of  gray  water  low  flow  condi  dons /long  idle  times  of  short  duration, 

with  temporary  implications  for  MSD  subsystem  petformonce,  easy  to 
overcome, 

(c)  Long-term  effect  of  gray  water  low  flow  condi  dona /long  idle  dmes, 

difficult  to  overcome  with  long-term  implications  for  MSD  subsystem 
performance. 

(d)  No  ability  of  MSD  subsystem  to  handle  gray  water  low  flow  condi  dons /long 

idle  dmes, 

N/A 

System  cannot  hi 

With 

With  Holding 

trtcin.  Tank 

1 

1 

N/A 

die  gray  water 

1 

1 

1 

1 

331 

Ability  of  black  water  pardon  of  MSD  to  handle  addldonal  personnel  (on  a 
long-term  basis)!2) 

(a)  MSD  black  water  subsystem  will  handle  additional  personnel  with  little  or 

no  degradation  in  performance. 

(b)  MSD  black  water  subsystem  will  handle  additional  personnel  with 
inodctatciy  degraded  (but  still  barely  acceptable)  performance. 

(c)  MSD  black  watet  subsystem  will  not  handle  additional  personnel 

A 

(4)  j (4)(5) 

1 

1 

1 

1 

b | b 

1 

332 

Ability  of  gray  water  portion  of  MSD  to  handle  additional  personnel  (on  a long- 
term baris)^) 

(a)  MSD  gray  water  subsystem  will  handle  additional  personnel  with  little  or  no 

degradation  In  performances. 

(b)  MSD  gray  water  subsystem  will  handle  additional  personnel  with  moderately 

degraded  (but  still  barely  acceptable)  performance, 

(e)  MSD  gray  water  subsystem  will  not  handle  additional  personnel. 

N/A 

System  cannot  hi 

1 

1 

N/A 

idle  gray  water 

1 

1 

1 

(I)  An  example  of  low  flow  condition  is  when  75'fj  of  the  crew  la  not  on  hoard  vessel  for  a week  nnd  usage  rate  by 

remaining  26',iof  crew  ii  normal,  bong  idle  times  arc  on  die  order  of  several  weeks  of  virtually  no  usage  of  MSD. 

(II)  Resulting  in  long-term  inorease  In  average  black  water  stream  hydraulic  loading.  The  ability  of  on  MSD  which 

employs  a black  water  (or  sludge)  holding  tank  to  handle  additional  personnel  may  bo  determined  by  the  size  of 
that  tank, 

(3)  Resulting  in  long-term  incruaso  in  average  gray  water  stream  hydraulic  loading.  The  ability  of  an  MSD  wltlch  employs 

a gray  water  (or  sludge)  holding  tank  to  handle  additional  personnel  may  be  determined  by  the  size  of  that  tank. 

(4)  Handles  additional  personnel  with  some  degradation  of  oil  quality,  so  filtration  elements  may  have  to  bo  changed 

more  often, 

(5)  , Cannot  handle  additional  personnel  and  meet  maximum  holding  time  rcqttiremems, 

, May  take  additional  personnel  for  short  time  (tank  sized  in  man  days)  if  required,  tank  capacity  is  accommodated 
by  installation. 
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. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


ClHRVSEER 


Sheet  3 of,  A 


M/E 

Factor/ 

Sulifaots 

.MentNii 


,,  Attribute  6ftt4,  ■ 

Collect. /Tramp,  Troit,  /Disposal 
l1  I Meat.  Nli>.||  Characteristics  i , ,,  . Subsystem  ■ Subsystem 

■v ™7  , ,-i.  . " [ with 

■■  41,  ...  Ability  of  black  wa (or  handling;  portion  of  MSD  to  operate  for  sustained  time,]  . With  ; Holding 

Modi  -.  ..  ■ i(";  _•  Tnoln,  ] Tank 

1 ■ (a)  Msb  black' water  <ub«yttohi  can  operate  fat  indefinite  pnrlod  of  time  if  no  I 

' tiortipommti  fail.U) 

(b)  MSDdiliiok  water  lubeysutni  can  operate  for  only  limited  period  bf  time, 

. ' even  If  no  components  fall.  (2) 


i Abi|ity  of  gray  water  handling  portion  of  MSD  to  operate  for  tuitoinesf  dine 

perM  | 

(a)  "MSD  gray  water  subsystem  can  operate  for  indefinite  period  of  dmo  if  no 

component  fall.fU  ; 

(b)  MSD  gray  water  subsystem  can  operate  for  only  limited  period  of  dme, 

oven  if  no  components  fail,  I2) 


Ability  of  MSD  to  handle  ground  garbage  in  black  water  stream 

(»)  MSD  black  water  subsystem  will  handle  ground  garbage  In  black  water 1 
stream  on  a long-term  baiit, 

(b)  Msd  black  water  subayutem  will  handle  ground  garbage  in  black  water 
rtream  on  at  least  a short-terin  basis. 

(o>,  MSD  black  water  subsystem  will  not  handle  ground  garbage  in  Mack  water 
stream, 


(3) 

Ability  of  MSD  to  handle  foreign  materlaWcbjecu  in  Mack  water  stream 

(a)  MSD  sulwystem  will  handle  foreign  matorlalt/objccts  in  Mack  water 

stream  on  a long-term  basis. 

(b)  MSD  subsystem  will  handle  foreign  materlals/objects  in  black  water 

stream  on  at  loaic  a short-term  basis, 

(c)  MSD  suhiystcin  will  not  handle  foreign  materials /objects  in  Mack  water 

stream.  < 


(.')  Applies  to  a T/D  subsystem  with  an  incinerator, 
fi)  Applies  to  a T/D  subsystem  without  an  incincntor. 

(3)  Examples! 

. bong,  narrow  objects  (pons,  pencils,  toothpicks,  etc.) 

. Small  hard  objects  (nut  shells,  pull  tab  from  a flip  top  can,  bottlo  caps,  paper  clips,  coins,  nuts/bolts/ 
Ktewa/naila,  cufflinks,  etc.) 

, large  soft  objocu  (paper  towels,  newspaper  page,  stiff  and  shiny  magazine  page,  strings  from  a floor  mop, 
rag,  tampons  and  Military  napkins,  etc.) 

(4)  Ground  garbage  not  collected  by  sewage  C/T  subsystem;  It  goes  by  separate  line  to  eithw  sludge  holding  tank  or 
incinerator  feed  tank. 

(C)  Ground  garbage  nut  processed  by  T/D  subsystem;  it  goes  by  separate  line  to  either  sludge  holding  tank  or  Incinerator 
feed  tank,  in  which  cue  (a)  applies, 

(6)  A rag  could  plug  up  pumps. 

(7)  M/T  pump  will  handle  if  object  not  *oo  hard;  a nut  or  bolt  will  stay  in  the  lino  preceding  the  M/T  pump. 
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MSD  EFFECTIVENESS  ATTRIBUTE  DATA 
M/E  II  - PERFORMANCE 


CHRYSLER 


M/E 
Factor/ 
Subfactor 
Went.  No, 


Character!. dc* 


Sheet 


Attribute  Data 

"olleet.  /Tramp.  Treat. /Dtipoial 
Subiyitem  Subiyitcm 


fl 

S3 

Ability  of  MSD  to  handle  detergenti/iurfactanu  in  black  water  itream  on  a 

1 With 

With  1 Holding 

i 

long-term  baalt. 

Incin,  1 Tank’ 

[ 

(a)  MSD  lubiyitem  will  handle  detergenti/itirfactanti  in  black  water  itream 

(U2)  ! (1) 

on  a long-term  baii*. 

I 

1 

(b)  MSD  lubiyitem  will  handle  detetgenu/iurfactunti  in  black  water  itream 

1 

1 

on  at  lent  a thort-term  bull. 

1 

V- 

(c)  MSD  mbiyttem  will  not  handle  detergems/iurfactantt  In  black  water  itream. 

c 

C | C 

Ability  of  MSD  to  handle  toido  material!  in  black  water  itream 

(a)  MSD  lubtyitem  will  handle  toxle  material!  In  black  water  itream  on  *> 

long-term  badi. 

(b)  MSD  lubayatem  will  handle  toxic  material!  in  black  water  atream  on  at 

leait  a abort- term  baili. 

(o)  MSD  lubiyitem  will  handle  toxic  material!  in  black  water  itream. 


Ability  of  MSD  lecondary  emlaaioni  to  meet  applicable  itandardi  for 
die  dlacliarge  of  air  pollutant! 

(a)  No  potability  of  dlaoharge  of  significant  air  pollution  from  MSD  lubayitom. 

(b)  Msd  lubiyitem  will  meet  itandardi  for  air  pollutanu  under  normal  oper- 

ating cctidldoni. 

(o)  MSD  lubsyitcm  will  meet  aundardi  for  ait  pollutant!  under  normal  oper- 
ating condltiani  and  tiiere  ii  a itrong  poulbUlty  of  non-oonformanoe  to 
lundordi  under  unuiual  operating  condition!. 


12  Ability  of  MSD  tecondary  emladoni  to  meet  applicable  itandardi  for  I 

diipoaal  of  oil-contaminated  reiiduea  at  ica  I 

(a)  MSD  lubiyitem  hai  no  potential  for  producing  oil-contaminated  reiiduet  j 

ataea. 

(b)  MSD  lubiyitem  hat  a potential  for  producing  oll-contamlnatcu  retfduei  . 

, it  lea,  b b (_ 

fl  Performance  riik  for  black  water  handling  portion  of  MSD  (4) 

(a)  MSD  black  water  lubiyitem  hat  a hiitory  of  fair  or  better  teit  reaulu.  a I 

(b)  msd  black  water  mbiyttem  hai  a hiitory  of  poor  teit  rciulti.  b I 

— — . (O  No  teit  reaulu  are  available  for  the  MSP  black  water  lubiyitem. I 

2 Performance  riik  for  gray  water  water  handling  portion  of  MSD  I 

(a)  MSD  gray  water  luhiyitom  hai  a hiitory  of  fair  or  better  teat  remit*.  N/A  N/, 

(b)  MSD  gray  water  luhiyitom  hai  a hiitory  of  poor  teit  reiult».  Syttem  cannot  hat  die  gray  water 

(c)  No  teat  remit*  are  available  for  the  MSD  gray  water  luhsyitom,  | 

Degrade!  quality  of  oil  neceialtatlng  early  change  of  oil. 

Detergent!  may  cauie  lome  ttil  to  get  through  to  Incinerator,  cutting  the  amount  of  fuel  oil  needed  to  burn  the  iludge. 

. If  blower  goea  off  and  Incinerator  continue!  to  burn,  may  remit  in  pollution. 

, If  oil  la  In  incinerator,  may  yield  tooty  air. 

Problem*  with  incinerator  (pot).  . . . 

Level  tenior  interconnect!  muit  be  worked  out.  1 a 
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MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


III  - OPERABILITY 


CHRYSLER 


Sheet 


OPERABILITY 

Characteristics 


Degree  of  automation  for  MSD  operation  M 

(a)  MSD  subsystem  it  almost  flilly  automatic. 

(b)  MSD  tubayitem  la  seml-automatiot  require*  Infrequent  operator 

attention. 

(c)  MSD  tubayitem  1*  semi-automatic  i requital  a moderate  degree 

of  operator  attention, 

(d)  MSD  subsystem  It  teml-auromntici  require*  frequent  operator 

attention. 

(e)  MSD  lubavitem  1*  operated  manually. 


ElM  of  dlipotal  of  MSD  re*ldue(i)(^) 

(a)  MSD  (ubiyitem  ha*  no  redduei,  or  dispoial  of  redduei  from  MSD 

aubiyitem  1*  very  convenient. 

(b)  Disposal  of  realdue*  from  MSD  lubeyitem  1*  moderately  convenient. 

(o)  Dlipotal  of  rcridue*  from  MSD  subsystem  1*  inconvenient 

Likelihood  of  violating  effuent  itandard*  became  of  procedural  error*  in  MSD 
operation.  W 

(a)  There  li  virtually  no  chance  of  violating  effluent  ttandardi  became  of 

procedural  error*  in  MSD  operation. 

(b)  There  is  a low  likelihood  of  violating  effluent  standard*  because  of 

procedural  error*  in  MSD  operation, 

(c)  There  is  a fair  to  moderate  chance  of  violating  effluent  standards  because 

of  procedural  errors  In  MSD  operation, 

(d)  There  it  a high  likelihood  of  violating  effluent  standards  btcaute  of 

procedural  errors  In  MSD  operation, 


Skill  level  requirements  for  operator  of  MSD 
MSD  subeystem  complexity  ranking  from  1 to  8 


Training  tequltomenta  for  operator  of  MSD 
MSD  subeystem  complexity  ranking  from  1 to  6 


(1)  Realdue  liany  by-product  of  normal  MSD  operation,  dlipotal  of  which  la  tegular  operating  uik.  Example*  are  aih 
produced  by  an  Incinerator,  teal  water  uied  by  vacuum  pumpe,  waitewater  or  sludge  held  in  a tank,  evaporator 
realdue,  etc. 

(7.)  Length  of  time  required  for  dlipotal  li  die  main  faotor  contideredi  other  factor*  are  eaie  of  acceu  of  area  of  MSD 
containing  the  realdue,  amount  of  realdue  to  be  diipoied  of,  and  eaie  of  itorfng  retidue  on  board  or  taking  If  off 
veaiel,  at  appropriate. 

(3)  By  dumping  overboard  effluent  which  doein’t  meet  itandard!,  flush  oil,  evaporator  retidue,  air  pollutants  from 
Incinerate*,  etc. 


(4)  Filter  change*  muit  be  made  moderately  frequently. 

(6)  Incinerator  ash  removal  (muit  remove  pot,  scrape  out  aih), 

(8)  Bag  filter  change  (to  remove  retidue  of  chlorine  tablets), 

(7)  May  pump  oil  overboard, 

(8)  Improper  operation  of  Incinerator  may  result  in  discharge  of  air  pollutants. 
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M/B  HI  - OPERABILITY 


i 


I ' 1 ■ 

' A 


K*. 


MSD  CHRYSLER ghaet  a of  2 


M/B 

Factor/ 

Subfactor 

Went.  No. 

OPERABILITY 

Characteristics 

OPERABILITY 
Attribute  Data 

Collect.  /Tramp, 
Subsystem 

Treat,  /Disposal 
Subsystem 

as 

Effect  of  MSD  operation  on  veiiel  work  routine/ ichedulet 

(a)  MSD  operation  has  minimal  or  no  effect  on  work  routlnea/ schedules.  ^ 

(b)  Effect  of  MSD  operation  on  work  routlnet/schedulei  la  more  than 

minimal  (1.  e. , It  moderate  or  extensive). 

a 

1 

i 

i 

1 

a j a 

1 ... 

32 

Availability  of  specialized  or  unique  consumables/ expendables  required  for 

MSD  operation 

(a)  No  specialized  or  unique  conium abler  or  expendables  required  for  MSD 

subsystem  operation. 

(b)  Any  specialized  or  unique  consumables  or  expendables  required  for  MSD 

subsystem  operation  are  available  from  ship's  Inventory. 

(c)  Any  specialized  or  unique  consumables  or  expendables  required  for  MSD 

subsystem  operation  are  available  from  Federal  Stock  System. 

(d)  Any  specialized  or  unique  consumables  or  expendables  required  for  MSD 

subsystem  operation  are  available  from  a commercial  source. 

A 

i with 
With  1 Holding 
Inoln.  ! Tank 

(5.6)  | (5) 

1 

1 

1 

1 

1 

1 

1 

1 

d 1 d 

33 

Operating  requirements  for  special  or  unique  MSD  support  equipment 

(a)  No  special  or  unique  support  equipment  required  by  MSD  subsystem. 

(b)  Same  special  or  unique  support  equipment  required  by  MSD  subsystem] 

equipment  requires  only  minimal  and  Infrequent  attention^)  to  keep 
operational,  w 

(a)  Some  special  or  unique  support  equipment  required  by  MSD  subsystem] 
requires  more  than  Infrequent  attention  to  keep  operational.^ 

a 

(V)  I (B> 

1 

1 

1 

1 

1 

1 

b 1 b 

1 

1 

(1)  By  C.  G.  direction,  (a)  applies  to  all  MSDi  considered  In  thli  study. 

(2)  No  more  frequently  than  weekly  with  a duration  not  greater  than  10  minuteis  or  more  frequently  than 

•eml-annunlly  with  a duration  of  2 hours, 

(3)  E.g.,  firefighting  equipment,  special  transformer* , ozone  detector,  bilge  alarm. 

(4)  E.g.,  compressor  Installed  to  support  MSD  operc.'on. 

(6)  Filters:  charcoal,  clay,  hag]  possibly  pre-filter, 

(0)  Incinerator  related  Items  (pot)  available  front  manufacturer  only, 

(7)  Firefighting  equipment]  ventilation, 

(8)  Bilge  alann  may  be  required. 
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. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


M/E  IV  - PERSONNEL  SAFETY 


MSD 

CHRYSLER 

Sheet  __ 

-1_  of  _JL_ 

M/E 
Factor/ 
Subfactor 
idem.  No. 

SAFETY 

SAFETY 

Attribute  Data 

Characteristics 

Collect,  /Transp. 
Subsystem 

Treat.  /Disposal 
Subsystem 

11 

Hazard  of  contact  with/spillage  of  toxic/dangerous  substances^  due  to  MSD 
inherent  design 

L - Likelihood  of  hazard 

(2) 

a.j  jUf 

(2.3)  j (2.3) 

| 

(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chance 

(d)  Highly  likely 

b 

1 

1 

1 

0 j 0 
| 

S - Severity  of  hazard 

t 

(a)  No  resultant  Injury, 

(b)  Results  In  Injury  of  low  to  moderate  severity  requiring  first  eid  or  limited 

medical  treatment'. 

(c)  Results  in  severe  injury  or  death. 

A 

1 

e 1 a 

1 

1 

1 

C - Hazard  correction 

f 

| 

(a)  Hazardous  situation  can  be  easily  corrected. 

(b)  Hazardous  situation  it  difficult  to  correct. 

(c)  Hazardous  situation  cannot  be  corrected. 

a 

a e 

1 

1 

(1)  Exatnpleii 

. Leakage  of  ftimei  from  incinerator  Into  adjacent  berthing  and  working  space*. 

. Hydrogen  sulfide  (a  toxicant)  may  be  generated  in  sowage  holding  tanks, 

. fteth  water  connection!  to  MSD  subsystems  have  a potential  for  contaminating  die  vessel *1  potable  water  supply 
With  toxic/dangerous  substances. 

. Sewage  contamination. 

..  The  following  pathogens  may  be  transmitted  through  sewage. 

• Tetanus  (bacteria) 

- Typhoid  (bacteria) 

- Dysentery  (bacteria) 

- Cholera  (baoteria) 

- Hepatitis  (virus) 

* Polio  (virus) 

, . Possible  methods  of  infection  (a  healthy  person  may  be  a carrier;  infection  hazard  depends  on  a person's 
reals  tattoo), 

- Oral  (from  hands  while  smoking  or  eating)  • the  most  common  method  of  transmitting  enteric 

(Intestinal)  diseases. 

- Through  breaks  In  skin  (cuts,  abrasions,  sores). 

- Eyes  and  note  (form  hands). 

(2)  . 0(1  is  very  high  grade  (mineral  oil  used  in  food  and  cosmetics),  ~ — — — — — — 

. Contact  with  flush  fluid  by  uteri  there  may  be  some  bacterial  activity  in  fluid. 

(3)  . In  servicing  fluid  maintenance  packages,  it  is  possible  to  come  into  contact  with  oil,  e.g. , in  changing  filters;  there 

is  a skid  tray  to  catch  oil  drippings. 

. Whole  system  Is  pressurized  And  a low  pressure  may  start  up  a pump  making  any  leak  worse. 


I 


i 


i 
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M/E 
factor/ 
Sub  factor 

Went.  No. 

' ' ' ' ' 

Attribute  Data 

Characteristics 

Collect, /Transp, 
Subsystem 

Treat. /Disposal 
Subsystem 

12 

Hazard  of  contact  due  with/ spillage  of  toxic/dangerous  substances^  due  to 
procedural  error/ equipment  failures  of  MSD 

(2) 

With  I HollhiK 
Incin.  -rank  . 

(3)  1 (4) 

L - Likelihood  of  hazard 

(a)  No  chance 
; (b)  Highly  unlikely 
| (r)  Fair  to  even  chance 

, (d)  Highly  Ukely 

c 

! 

C | c 

1 

S * Severity  of  hazard 

mam 

(a)  No  resultant  Injury. 

(b)  Results  in  Injury  of  low  to  moderate  severity  requiring  first  aid  or  limited 

! medical  treatment. 

! (a)  Results  in  severe  injury  or  death, 

b 

HM 

HU 

1 C • Hazard  correction 

i 

: (a)  Hazardous  situation  can  be  easily  corrected. 

(b)  Hazardous  situation  it  difficult  to  correct, 

| (c)  Hazardous  situation  cannot  bo  corrected. 

b 

i 

b j b 

1 

(1)  Kxnmpleii 

. Leakage  of  fames  from  Incinerator  Into  adjacent  berthing  and  worldng  space*. 

. Hydrogon  sulfide  (a  toxicant)  may  be  generated  in  tewage  holding  tanki. 

. Frcili  water  connection!  to  MSD  subsystems  have  a jwtential  for  contaminating  tho  veiiel'i  potable  water  nipply 
with  toxlo /dangerous  substances. 

, Sewage  contamination, 

. , The  following  pathogen!  may  be  tranimitted  through  lewage. 

- Totanui  (bacteria) 

- Typliotd  (bacteria) 

- Dysentery  (bacteria) 

- Cholera  (bacteria) 

- Hepatitis  (virus) 

- Polio  (vlrui) 

. , Poitible  method!  of  infection  (a  healthy  person  may  be  a cnrrleri  infection  hazard  depend!  on  a person 's 
rciiitanoe). 

- ctal  (horn  hands  while  smoking  or  eating)  * the  most  common  method  of  transmitting  enteric 

(intestinal)  diseases. 

* Through  breaks  in  sldn  (cuts,  abrasions,  sores). 

- Eyes  and  nose  (horn  hands). 


(2)  If  too  much  chlorine  has  been  put  In  system,  flush  fluid  would  burn  (very  unlikely) 

, Contact  with  oil  not  unlikely  (whole  system  is  pressurized),  especially  due  to  procedural  error  during  maintenance. 

(3)  . Hot  oil  has  greater  potential  for  causing  Injury, 

, Need  Interfacing  controls  to  stop  garbage  grinder  input, 

. Leakage  of  fumes  from  Incinerator  possible. 

(4)  Hydrogen  sulfide  may  be  generated  In  sludge  ho!  Ung  tank, 
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IV  - PERSONNEL  SAFETY 
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Sheet 


Hazard  of  fire  Ignition  potential  due  to  Inherent  MSD  design 
I.  - Likelihood  of  hazard 

(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chance 
JdJ  _ Hlghly_llkelj/ 

S - Severity  of  hazard 

(a)  No  resultant  Injury, 

(b)  Results  In  injury  of  low  to  moderate  severity  requiring  first  air  or  limited 

medical  treatment. 

(cj  Results  In  severe  lnj  try  or  death, 

C - Hazard  correction 

(a)  Hazardous  situation  can  be  easily  corrected. 

(b)  Hazardous  situation  is  difficult  to  correct, 

(«)  Hazardous  situation  cannot  be  corrected, 


| Hazard  of  ftre  Ignition  potential1'  ' due  to  procedural  enrors/cquipnicnt  failure  of 
MSD 

i L - likelihood  of  hazard 

(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chance 
Jd]  Highly  Ukcl^ 

S - .-event'/  of  hazard 

' ii  *i  ■-  . 

(a)  No  resultant  Injury. 

(b)  Results  in  Injury  of  low  to  moderate  severity  requiting  first  aid  or  limited 

(c)  Results  in  severe  injury  or  d_£ath, 

C - Hazard  correction 


(a)  Hazardous  situtation  can  be  easily  corrected, 

(b)  Hazardous  situation  is  difficult  to  correct. 

(c)  Hazardous  situation  cannot  be  corrected. 


SAFETY 
Attribute  Data 


(1)  Oil  used  fot  flushing  Is  not  flammable  under  ordinary  conditions.  However,  at  high  temperatures,  c.g.,  In  the 
pretence  of  a Arc.  It  will  suppott  combustion. 


Oil  If  dtcrc  is  a Arc  already,  It  will  feed  Hi  or  if  It  drips  onto  hot  surfaces. 
(3)  Presence  of  fuel  oil  nml  (lush  oil. 


w 
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Sheet 


Hazard  of  electrical  shock  potential  ^ for  operator/  maintalner  of  MSD 


L - Likelihood  of  hazard 

(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chance 

(d)  _ Highly  likely 


S - Soverity  of  hazard 

(a)  No  resultant  injury. 

(b)  Results  in  Injury  of  low  to  moderate  severity  requiring  first  aid  or  limited 

medical  treatment. 

(cj_Results_ln  severe  Injury  or  dea_tli.  __ 

C,  - Hazard  correction 


fa)  'Hazardous  situation  can  be  easily  corrected, 

(b)  Hazardous  situation  Is  difficult  to  correct. 

(o)  Hazardous  situation  cannot  bo  corrected,  ___ 


Physical  hazards  associated  with  MSD  due  to  sharp  edges^ 
l,  - Likelihood  of  hazard 


fa)  No  chance 
(b)  Highly  un  likely 
(o)  Fair  to  even  chance 

(d)  Highly  likely  _ _ 

S ■ Severity  of  hazard  I 

(a)  No  resultant  Injury. 

(b)  Results  in  injury  of  low  to  moderate  severity  requiring  first  air  or  limited 

medical  treatment. 

(c)  Results  In  severe  Injury  or  death. 

C - Hazard  ''-.rcetloii 


(a)  Hazardous  situation  can  be  easily  corrected. 

(b)  Hazardous  situauon  Is  difficult  to  correct. 

(c)  Hazardous  situation  cannot  be  corrected. 


0)  Electric  shock  may  result  In  severe  bums  and/or  death]  in  addition,  reaction  to  electric  shock  may  casue  affected 

Individual  to  be  thrown  aside,  possibly  subjecting  him  to  severe.  Impact  Injuries  and/or  contact  witli  sltarge  edgesAiot 
surfaces, 

(2)  Combined  effect  jf  injury  due.  to  sharp  edges/poims  and  sewage  contamination  may  Introduce  harmful  pathogens  Into 
the  bloodstream  of  an  affected  Individual. 


(2'  Inside  electrical  control  panels,  in  servicing  electric  pumps  there  Is  always  some  hazard  If  oporator/nialntalner  is  not 
sufficiently  careful. 

(4)  Expanded  metal  plate  on  top  of  which  chlorine  tablets  rest  Is  detained. 


.1  V.  . 


1 

1 

MSD  EFFECTIVE: NESS  ATTRIBUTE  DATA 
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M/E  IV  - PERSONNEL  SAFETY 

I 

■ MSD  _ 

CHRYSLER 
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I 

SAFETY 

Characteristics 


Physical  hazards  associated  with  MSD  due  to  hot  surfaces 
L - Likelihood  of  hazard 


(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chance 

_0».  iflS y L 

S - Severity  of  hazard 


(a)  No  resultant  Injury. 

(b)  Results  In  injury  of  low  to  moderate  severity  requiring  first  aid  or  limited 

medical  treatment. 

(c)  Re!ults_ln_  severe  injury  or  death.  _ 

C - Hazard  correction 


(a)  Hazardous  situation  can  be  easily  corrected, 

(b)  Hazardous  situation  is  difficult  to  correct, 

(c)  Hazardous  situation  cannot  he  corrected. 

Physical  hazard  for  maintainor  of  MSD  due  ro  rotating  machinery 

L - Likelihood  of  hazard 


(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chance 

_(d)_ .Highly  likely  _ 

S • Severity  of  hazard 


(a)  No  resultant  injury. 

(b)  Results  in  Injury  of  low  to  moderate  severity  requiring  first  aid  or  limited 

medical  treatment 

*evcr«  injury  c>r  death,  ____  _ 

C « Hazart  correction 


(a)  Hazardous  situation  can  be  easily  corrected, 

(b)  Hazardous  situation  Is  difficult  to  correct, 

(c)  Hazardous  situation  cannot  be  corrected. 


(3)  No  hot  surfaces)  only  If  motors  overheat  or  electrical  controls  burn  out. 

(it)  incinerator  outside  temperature  supposed  to  be  undor  145  F;  maintainer  could  try  to  empty  ash  while  it  is  too  hot> 

(11)  Possible  to  put  fingers  on  locating  shaft  of  flush  fluid  pumps. 

(<1)  licit  drive  on  transfer  pump  is  guarded)  blower  blades  almost  Inaccessible  (blower  or.  sludge  tank))  blower  for  oil  bumar 
inside  a housing  and  well  protected,  but  maintainer  might  get  Into  it. 


SAFETY 
Attribute  Data 
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M/E 
Factor/ 
Subfactor 
Id  cut.  No, 

HABITABILITY 

Characteristics 

HABIT/ 

Attrib 

Collect,  /Transj: 
Subsystem 

ABILITY 
ute  Data 

'Treat,  /Disposal 
Subsystem 

U 

Habitability  problems!1)  associated  with  bacterial  contamination  due  to  MSD 
Inherent  design 

' (a)  There  Is  no  bacterial  contamination  habitability  problem  due  to  MSD 
subsystem  Inherent  design  features. 

(b)  There  is  a bacterial  contamination  habitability  problem  due  to  MSD 
subsystem  inherent  design  features. 

a 

| With 
Inoin.  | Holding 
Incln,  1 Tank 

1 

1 

1 

b | b 

12 

Habitability  problems^)  associated  with  bacterial  contamination  due  to 
ptocedural  errors/ equipment  failures  of  MSD^ 

(a)  A bacterial  contamination  problem  due  to  procedural  errors/ equipment 

failures  of  MSD  subsystem  Is  highly  unlikely, 

(b)  Ptocedural  errors/equipment  failures  of  MSD  subsystem  are  likely  ro  cause 

a bacterial  contamination  problem 

(3) 

b 

(3)  | (3) 

1 

1 

1 

1 

1 

b | b 

21 

MSD  fixture  comfort 

(a)  Commodes  and  urinals  are  comfortable  and  easy  to  use  even  under  ship's 

motion. 

(b)  Commodes  and  urinals  arc  not  comfortable  and  easy  t«  use  under  sldp's 

motion. 

a 

1 

1 

N/A 

22 

Hustling  proceduto  requirements  for  MSD  fixture 

(a)  There  are  no  "non-standard''  requirements  for  flushing. 

(b)  There  arc  "non-standard"  requirements  for  flushing. 

u 

1 

N/A 

23 

Waste  retention  In  MSD  commode  bowl 

(a)  The  amount  of  waste  that  remains  In  the  howl  after  flushing  Is  less  than 
that  remaining  after  (lustring  a standard  full  water  flushed  fixture, 

(j)  The  ariuv  .it  of  waste  due  /.unai.i:  in  die  liawi  .,,>;r  fb.;i!rf\;  1;  d.a  rat.’.c 

as  that  remaining  after  flushing  a standard  full  water  flushed  fixture. 

(c)  The  amount  of  waste  diat  remains  In  the  bowl  after  flushing  Is  more  than 
that  remaining  after  flushing  a standard  full  water  flushed  fixture. 

h 

1 

1 

1 

1 

1 

N/A 

1 

1 

1 

(1)  As  distinguished  from  problems  of  health  and  safety;  likely  psychological  reactions  of  users  are  a matter  for 
consldeiatloti. 


(2)  A vacuum  waste  collection  subsystem  Is  less  likely  to  expose  personnel  to  sewage  In  case  of  a line  brea.,  than  a 

pressurized  waste  collection  subsystem;  fresh  water  connections  to  MSD  subsystems  have  a potential  for  contaminating 
the  vessel's  potable  water  supply. 


(3)  Duo  to  the  pressurised  oil  return  line,  In  ease  of  a line  break,  will  expose  personnel  to  sewage  and  to  bacteria 
contaminated  oil. 
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M/E  V - HABITABILITY 


MSD  CHRYSLER Sheet  2 of  3 


§9 

HABITABILITY 

Characteristics 

HABITABILITY 

Attribute  Data 

Collect. /Transp. 
Subsystem 

Treat.  /Disposal 
Subsystem 

24 

Likelihood  of  user  contact^  with  MSD  fixture  flushing  medium 

(a)  User  is  unlikely  to  come  Into  contact  with  fluslting  medium, 

(b)  User  Is  more  likely  to  come  into  contact  with  flushing  medium  than  with 

standard  water  flushed  fixture. 

(3) 

b 

1 With 

With  1 Holding 
Incln.  1 Tank 

N/a 

£5 

Appearance  of  MSD  fixture  flushing  medium 

(a)  The  color  and  general  appearance  of  the  flushing  medium  is  as  acceptable 

as  clear  water, 

(b)  The  color  and  general  Appearance  of  the  flushing  medium  ate  Acceptable, 

but  cleat  water  Is  preferable, 

(c)  The  color  and  general  Appearance  of  the  flusiting  medium  are  not 

acceptable. 

— 

b 

1 

1 

1 

1 

1 

M/A 

1 

1 

26 

Node  produced  in  flushing  MSD  fixtures 

(a)  The  noise  produced  in  flushing  fixtures  is  less  than  that  of  a standard 
conimode/urtnal. 

lb)  The  noise  produced  in  flushing  fixtures  is  die  same  as  that  of  a standard 
comniod  e/urlnal. 

(c)  The  noise  produced  in  flushing  fixtures  is  greater  titan  that  of  a standard 
commod  e/urinal. 

b 

1 

1 

1 

1 

1 

N/A 

1 

1 

31 

Odors  produced  as  a result  of  inherent  MSD  design 

(a)  The  MSD  subsystem  produces  no  odor  as  a result  of  inherent  doslgn, 

(Id  The  MSD  subsystem  produces  a noticeable  odor  as  a result  of  inherent  design. 

a 

T~Twar 

wlUl  | Holding 
Incln,  i Tank 

b b 

32 

Odors  produced  as  a result  of  procedural  errors/equipment  failures  of  MSD 

(a)  The  MSD  subsystem  produces  no  odor  as  a result  of  procedural  enrori/ 

equipment  failures. 

(b)  The  MSD  subsystem  produces  a noticeable  odor  as  a rolult  of  procedural 

errors /equipment  failures. 

b 

(o,  d («> 

1 

1 

1 

1 

b i b 

41 

lieat  generation  for  nearby  personnel^  due  to  inherent  MSD  design 

(a)  As  a result  of  inherent  design  features,  the  MSD  subsystem  does  not  generate 

enough  heat  to  render  Its  vicinity  hotter  titan  most  shipboard  areas 
containing  machinery, 

(b)  As  a result  of  inherent  design  features,  the  MSD  subsystem  does  generate 

enough  heat  to  render  Its  vicinity  hotter  than  most  shipboard  areas 
containing  machinery. 

a 

1 

1 

1 a 

i 

i 

. b I 

fl)  Due  to  flushing  medium  composition,  fixture  design,  motion  of  vessel  (which  may  cause  splatter,  splashing,  or 
spillage  of  fluiiiittg  medium). 

(2)  For  opera  tor /maintainor /adjacent  berthing  and  working  areas. 


(0)  Hue  to  the  pressurized  oil  return  line,  in  ease  of  a line  break,  will  exponie  personnel  to  sewage  and  to  bacteria  contaminated  oil, 

(4)  Vent  from  sludge  tank  quite  odlfcrous. 

(5)  . if  blower  not  working.  (0)  , If  filters  don't  worr. 

, If  sludge  in  Incinerator  pot  not  completely  burned.  . if  chlorine  not  added. 

If  not  properly  cuted. 
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. MSD  LITECTIVLNCSS  ATTRIBUTE  DATA 


HABITABILITY 

Characteristics 


Meat  generation  for  nearby  personnel^  dtie  to  procedural  errors/ equipment 
failures  of  MSD. 

(a)  The  MdD  subsystem  does  not  generate  enough  lieit  as  a result  of 

procedural  errors/equlpment  failures  to  render  Its  vicinity  hotter  than 
most  shipboard  areas  containing  machinery, 

(h)  The  MSD  subsystem  does  generation  enough  heat  as  a result  of 

procedural  errors/ equipment  fnttures  to  render  Its  vicinity  hotter  than 
most  shipboard  areas  containing  machinery. 


Noise  level  for  personnel  in  vicinity  of  MSD' 

N1  - Njofcfr  Index 

(a)  The  MSD  subsystem  is  silent  or  nearly  silent, 

(b)  Noise  level  of  MSD  subsystem  Is  approximately  equal  to  background 

noise  level  of  vessel. 

(o)  The  MSD  subsystem  Is  very  loud,  produces  constant  noise,  drowns  out 
vessel  background  noise  in  Immediate  area  of  the  system;  must  shout 
to  he  heard. 


| Vibration  levels  for  nearby  personnel^  produced  by  MSD  machinery 
Vl  - Vibration  Index 

(i»)  MSD  subsystem  produces  Mt tie  or  no  perceptible  vibration  In  addition  to 
background  love!  on  vessel. 

(b)  MSI)  subsysrem  produces  perceptible  vibration,  but  similar  to  vessel 

background. 

(c)  MSD  subsystem  produces  abnormal  or  disturbing  intensity  and/or 

| frequency  of  vibration. 

Kite''!  of  MSD  on  user  housekeeping  routines  (restrictions  on  user  Imposed  by 
subsystem''). 

(o)  Subsystem  characteristics  do  not  Impose  restrictions  on  user. 

<l»>  Subsystem  characteristics  Impose  restrictions  on  user. 


1 1)  for  operator/ maintainer/ adjacent  berth  and  working  areas, 

(")  is. fi.  . Must  use  water-soluble  toilet  paper  which  Is  not  as  comfortable  as  usual 
toilet  paper. 

. Must  use  special  bowl  cleaner  which  Is  less  effective  than  usual  cleaner 
. Cannot  dump  detarst enta  down  galley  sink;  must,  store  and  off-load  at  shore, 

(11)  Pumps  and  blowers  make  some  noise, 

(4)  Special  t loaners  required  for  fixtures;  should  not  dump  duck  swahblngi  Into  commodes. 


HABITABILITY 

Attribute  Data 


Treat, /Disposal 
Subsystem 


M/E 

Factor/  RELIABILITY  Attrtbu  e Data 

Subfactor  Collect,  /Transp,  Treat, /Dispo 

tdent.  No,  Characteristics  Subsystem  Subsystem 

- 1 v/lti 

21  MSD  complexity  with  hloldl 

Complexity  index  of  MSD  subsystem  based  on  a complexity  ranld  g from  Incln,  | Tati 

1 to  5,  __________ 3 4 i 3 

23  Bttent  of  MSD  equlpment/componen  redundancy^  (0)  (7.8)  J (I 

(a)  There  la  some  significant  redundancy  in  the  MSD  subsystem's  major  I 

components.  a I 

(b)  There  is  no  significant  redundancy  In  tile  MSD  subsystem's  major  1 

• components.  h j h 

24  Degree  of  equipment  failure  independence^  (S.10)  j ( 

(a)  There  is  a high  dogtee  of  equipment  failure  Independence  in  MSD  I 

subsystem.  a I 

(b)  There  It  a inodernto  degree  of  MSD  equipment  failure  Independence  In  | 

MSD  subsystem.  b I b 

(c)  There  Is  a low  degree  of  equipment  failure  Independence  in  MSD  I 

subsystem.  I 

, 

26  Adequacy  of  MSD  equipment  ratings  (11, 12j  ( 

(a)  Most  MSD  subsystem  equipments  ate  overrated.  , 

(b)  Some  MSD  aubsystem  equipment  ratings  arc  nominal,  some  are  overrated.  b I 

(c)  Some  MSD  subsystem  equipments  ate  underrated,  some  are  nominally 

rated.  c j c 

(d)  Most  MSD  subsystem  equipments  arc  underrated.  | 

26  Provisions  for  fault  actuated  cut-off  mechanlsmsW  for  MSD  protection  (13,  nj  (1 

(a)  There  are  many  fault  actuated  mechanisms  in  MSD  subsystem,  or  they  arc  | 

not  required.'4)  a | 

(b)  There  arc  some  fault  actuated  mechanisms  In  MSD  subsystem,  b | b 

______  (c)  There  arc  no  or  almost  no  fault  actuated  mechanisms  In  MSD  subsystem.  I 

3 Reliability  risk  for  MSI#)  <ls)  I (1 

(a)  MSD  subsystem  has  a history  of  fair  or  better  test  result!.  a j a 

(b)  MSD  subsystem  has  a history  of  poor  test  results.  b | 

— — - (c)  No  test  results  arc  available  for  MSD  subsystem.  | 

(1)  Any  redundancy  In  electronic  circuitry  is  not  considered. 

(2)  l.e. , failure  of  one  Item  will  not  result  In  failure  of  major  component  or  subsystem, 

(3)  includes  mechanisms  tot  (1)  alert  operator/malntainer  to  high  stress  or  abnormal  conditions  that  will  result  in  failure, 
and/or  (li)  to  correct  those  conditions  ot  turn  off  equipment. 

(d)  E.g.,  standard  commodes  and  urinals  In  a gravity  drain  sewage  collection  subsystem  do  not  require  fault  actuated 
out-off  mechanisms, 

(5)  E.g.,  Innovative  design,  experience.  

(0)  fixtures,  piping. 

(7)  No  redundancy  In  Incinerator  package. 

Footnotes  continued  on  following  page , . - , 
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RELIABILITY 
Attribute  Data 


Subsystem 


Treat.  /Disposal 
Subsystom 

With 

incln. 

With 

Holding 

Tank 

4 

3 

n.K) 

(«) 

b 

b 

(9.10) 

(10) 

b 

b 

(11,12 

(19) 

c 

c 

(13,14 

(14) 

b 

b 

(15) 

(16) 

b 

a 
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(K)  . In  larger  configurations,  possible  redundancy  oi  major  components,  e.  g.  , feed  of  one  line  into  three 

separate  tanks, 

. Two  pressurization  pumps  manually  swltchcd-real  redundancy, 

. Interface  sensors  art  redundant  since  they  perform  different  functions  (e.  g,  M/T  pump  has  two 
associated  sensorS). 

. No  filter  redundancy, 

, In  large  separation  tank  there  are  three  filters  In  parallel:  all  are  used  unless  degraded  performance  acceptable. 

(9)  . If  temperature  sensor  fails  and  indicates  temperature  is  high  enough  but  It  isn't, sludge  will  be  sent  to  incinerator 

and  not  bum, 

. If  recirculating  pump  falls  and  oil  accumulates  In  sludge  tank,  may  get  some  oil  into  incinerator  resulting 
in  ovnrtemporacure. 

(10)  . Pressurization  and  fluid  maintenance  package  failure  results  in  loss  of  oil  to  leads, 

, Preflller  falls  closed  then  other  filters  fall,  rio  flow  through  * oil  degrades. 

. Prefilter  fails  open  - regulator  fails,  cdl  degrades. 

. Charcoal,  clay  or  bag  filter  fails  » degrades  oil. 

(11)  . Transfer  pump  adequate. 

. Oil  burner  adequate  or  possibly  a bit  overrated. 

, Pot  inadequate. 

(12)  . Pressure  pumps  overrated,  sized  adequately  for  peaks , 

. M/T  pumps  oversized. 

. Flitters,  sensors  adequate. 

. Recirculating  pump  - oversized. 

(13)  . Incinerator  fire  eye,  overtemperature  out  off,  time  limit  on  burner  operation, 

(14)  . Time  delay  on  M/T  pump  to  prevent  over  operation. 

. Sludge  tank  - high  level  cut  off  to  stop  M/T  pump. 

(16)  . Problems  with  incinerator  pot, 

(16)  . Interface  sensing  to  be  worked  out. 
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MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


M/E 


VII  - MAINTAINABILITY 


MSD  CHRYSLER 
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(T>)  Modularisation  of  suhsystcii.s. 

lire  eye  Ij  not  repairable  - n throw  away  item. 
(7)  Pots 

(Hi  Mr  Inji-otoi.  tctcl  sensors. 


M/E 
[•actor/ 
Subfactor 
[dent.  No, 

MAINTAINABILITY 

Characteristics 

MAINTAINABILITY 
Attribute  Data 

Collect.  /Tramp. 
Subsystem 

Treat,  /Disposal 
Subsystem 

10 1 

Accessibility  of  replaceable  MSD  components 

(a)  High  degree  of  accessibility  In  MSD  subsystem  components. 

(h)  Moderate  degree  of  accessibility  in  MSD  subsystem  components. 

(c)  Low  degree  of  accessibility  In  MSD  subsystem  components. 

b 

; With 
With  Holding 
Incln.l  Tank 

b b 

1 

102 

Extent  of  MSD  modularization  for  ease  of  repair  /replacement 

(a)  High  degree  of  MSD  subsystem  modularization. 

(b)  Moderate  degree  of  MSD  subsystem  modularization, 

(o)  Low  degree  of  MSD  subsystem  modularization. 

a 

<5>i  (0) 

a | a 

1 

133 

Degree  of  MSD  rcpclrablUty  on  board  vessel. IU 

(a)  All  MSD  subsystom  ltomc  ate  repairable  on  vessel, 

(b)  Some  MSD  subsystem  Items  are  repairable  on  vessel!  some  must  be  replaced. 

(c)  All  MSD  subsystom  Items  must  be  replaced, 

a 

‘ ‘ 

1 A 

b | 

134 

Availability  of  manufacturer  field  support  and  training  programs  for  MSD 

(a)  Manufacturer  field  support  and  a training  program  Is  available. 

(b)  Manufacturer  Hold  support^)  is  nvaliablo  but  no  training  program  Is 

available. 

(c)  Manufacturer  training  program  Is  available  hut  field  support  Is  not 

available. 

(d)  Neither  field  support  nor  training  program  are  available  from  manufacturer. 

b 

— i 

i 

i 

b - b 

1 

| 

142 

(3) 

Special /proprietary'  ' Item  requirements  for  MSD  equipment  repair 

(a)  No  special  Items  required  for  any  MSD  subsystem  repairs. 

(b)  Some  special  Items  required  for  some  MSD  subsystem  repairs. 

(c)  All  Items  required  for  MSD  subsystem  repairs  ate  special  items. 

a 

(7.8)  (H) 

1 

b - b 

23 

Effect  of  MSD  preventive  maintenance  on  watch, stnndor  routines 

(a)  No  effect  on  wntclistander  routines.  ^ 

(b)  There  is  some  effect  on  watclutandcr  routines 

A 

1 

1 

a a 

00 

Special  docking  requirements  for  MSD  overhauls 

(a)  Those  nrc  no  special  docking  requirements  for  the  MSD,  ^ 

(b)  There  arc  special  docking  requirements  for  the  MSD. 

a 

— 

U A 

(1)  Versus  necessity  for  replacement  of  failed  cqnlj  'em. 

(O)  May  include  some  limited  training  support  durlti;;  initial  MSI)  installation. 

(0)  i'.g.,  Incinerator  pots,  filters  versus  standard  supply  parts. 

(4)  ll>;  l-.O.  direction,  tills  applies  Do  all  .'.USDs  considered  lit  tills  study. 

CHRYSLER 


EQUIPMENT  AND  INITIAL  SPARES  ACQUISITION  COSTS 


Equipment 

Equipment 

Cost 

Cost  of 
Associated 
Initial  Spares 
Packaqe  (ai 

Separator  Tank 
(Including  controls) 

Model  A 

$4, 750 

$275 

Model  A/'B 

5,694 

275 

Model  B 

6,  647 

275 

Pressurization  and 
Fluid  Maintenance 
package(s) 

(Including  Controls) 

Model  A 

3,  319(b) 

198(b) 

Pump  Package 
Accumulator 

Fluid  Maint.  Pkg. 
Total  Model  B 

1,585 

512 

1.664 

4,  196'°' 

N/R 

26 

26 

487(c) 

Sludge  Surge  Tank 

(Inoludingcontrols) 

Model  B 

5,  041 

350 

Model  C 

5 , 2 0 0 

350 

l'ncinerat&r 

(Including  controls) 

Model  A 

5,462 

600 

Model  C 

9,  174 

550 

Notes 

1.  pioase  supply  cost  estimates  for  each  equipment  based  on  a 
production  run  of  up  to  100  units. 

2.  All  coBt  estimates  are  to  be  based  on  1976  costs. 

3.  Identify  recommended  contents  of  Initial  Spares  Package  associated 
with  each  equipment. 


(a)  Manufacturer  recommends  one  Initial  spares  package  for  every  4 
associated  equipments  on  board  the  vessel. 

(b)  Includes  the  cost  of  flush  fluid  and  expendables  ($145) 
which  was  not  included  in  cost  provided  by  manufacturer. 

(c)  Includes  the  cost  of  flush  fluid  and  expendables  ($435) 
which  was  not  included  in  cost  provided  by  manufacturer. 


ms;*  oi'fRA.  'jA»v:rci*.!^n.:s  »kd  cost  estimates 
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Mi>D  CfCAXTlNC  CHMWCTEMSTIC-S  *KD  COGT  ESTIMATES 
(BamxJ  on  lftOT  I'tlltotton  factor) 


PARTS  CONSUMED  TOTAL 
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MSD  CORRECTFi/E  (UNSCHEDULED)  MAINTENANCE  CHARACTERISTICS  AND  CCST  ESTIMATES 

(Based  or>  100%  Utilization  Factor) 
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OVERHAUL  CHARACTERISTICS  AND  COST  ESTIMATES 


Since  overhaul  Information  was  not  available  from  manufacturer  for  all  subsystems  anc  capacities, 
all  subsystems. 


D MAJOR  OVERHAUL  CHARACTERISTICS  AND  COST  ESTIMATES 


i 


MSD  MAJOR  OVERHAUL  CHARACTERISTICS  AND  COST  ESTIMATES 
MSD  Chrysler 
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GRUMMAN  FLOW  THROUGH  SYSTEM 


PRINCIPLES  OF  OPERATION 

The  Grumman  MSD  is  a flow-through  system,  the  only  MSD  of  this 
type  considered  for  this  study.  Sewage  is  treated  in  a two- stage  process 
consisting  of  physical  separation  of  liquids  and  solids  by  centrifugal  force, 
followed  by  ozonation  treatment.  The  effluent  water  is  continually  dis- 
charged overboard.  The  contaminants  removed  from  the  waste  stream  are 
dehydrated  and  burned  in  an  incinerator.  The  MSD  utilizes  the  standard, 
existing,  full  volume  flush  commodes  and  urinals,  draining  by  gravity, 
but  it  can  be  adapted  for  use  with  reduced  flush  commodes  and  urinals. 

The  Grumman  MSD  was  developed  under  a U.S.  Coast  Guard  contract, 
but  the  version  considered  for  this  study  eliminates  two  major  items  found 
to  be  of  marginal  value:  the  Hydrasieve  and  the  disk  centrifuge,  This 
version  also  substitutes  a Thlokol  incinerator,  due  to  operational  difficulties 
with  the  Grumman  unit. 

It  is  an  automatic  system,*  although  complex,  it  normally  requires 
operator  attention  mainly  for  ash  removal  and  filling  of  the  fuel  oil  day  tank. 
The  only  expendable  that  it  uses  other  than  fuel  oil  is  ozone,  which  is  made 
from  air  (drawn  from  the  atmosphere)  by  one  of  the  component  equipments, 

The  Grumman  MSD,  as  developed,  is  unique  among  the  (commercial) 
MSD's  considered  for  this  study  in  another  respect:  it  receives  and  treats 
combined  black  and  gray  water.  (Although  a CHT  can  also  handle  black 
and  gray  water,  it  is  not  a prepackaged  commercially  available  MSD  but 
Instead  is  custom  fitted  to  the  vessel.)  However,  in  applying  this  MSD 
to  a cost-effectiveness  analysis,  other  combinations  of  input  streams  are 
examined:  full  flush  black  water  only,  gray  water  only  and  gray  water  input 
with  reduced  flush  black  water  going  directly  to  the  incinerator.  In  all 
cases,  there  is  a continual  discharge  overboard  of  treated  water  during 
operation. 
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When  the  vessel  is  at  pierside  or  boyond  the  restricted  zone,  the 
treatment  subsystem  can  be  shut  off  and  bypassed.  Wastes  can  be  pumped 
off  the  vessel  from  the  influent  surrje  tank  located  at  the  end  of  the  collection 
subsystem.  The  surge  tank  is  normally  used  for  smoothing  out  peak  flows, 
since  the  treatment  subsystem  only  accepts  a continuous  one  gallon  per 
minute  input. 

Only  one  size  of  Grumman  MSD  is  available,  designed  for  up  to  20 
men  when  receiving  combined  black  and  gray  wastewaters,  using  full  flush 
commodes  and  urinals.  For  larger  capacities,  multiple  MSD's  are  required, 
With  some  combinations  of  waste  stream  inputs  on  larger  vessels,  more 
incinerators  may  be  required  than  the  number  of  decontamination/disinfection 
sections.  The  extra  incinerators  can  be  located  adjoining  or  remote  from 
the  MSD. 

A functional  block  diagram  of  the  Grumman  Flow  Through  System  is 
presented  in  Figure  10. 
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GRUMMAN  FLOW  THROUGH  SYSTEM 
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SYSTEM  DESCRIPTION  ; 

i 

The  description  given  below  of  the  Grumman  MSD  (modified)  is  based  ) l 

upon  its  operation  with  combined  black  and  gray  wastewaters,  for  which  it  j 

was  originally  designed.  The  MSD  is  divided  into  three  subsystems:  j 

(1)  collection,  (2)  treatment  and  (3)  incineration.  The  latter  two  are  often  ; 

grouped  under  the  general  heading  of  treatment/disposal. 

Collection  Subsystem  | 

j 

The  standard  commodes,  urinals,  fluBhometers  and  the  standard  j 

sloped,  gravity- drained  sewer  pipes  that  exist  on  board  are  used  as  is.  1 

‘] 

This  assumes  that  the  sewer  lines  have  already  been  routed  to  a central  j 

location  in  the  vessel  for  centralized  treatment  and/or  disposal.  On  a \ 

larger  vessel,  multiple  systems  may  be  employed.  j 

An  influent  surge  tank  and  dual  transfer  pumps  are  the  last  components 
of  the  collection  subsystem.  The  tank  is  oustom  designed  for  the  particular  j 

Installation  and  would  be  expected  to  hold  about  half  a day's  incoming  j 

sewage  or  combined  black  and  gray  wastewaters.  Since  the  associated  \ 

pumps  transfer  the  sewage  under  pressure,  the  tank  and  pumps  can  be 
located  remotely  from  the  rest  of  the  MSD.  On  larger  vessels  with  multiple  \ 

drainage  systems,  multiple  influent  surge  tanks  are  required.  ; 

The  transfer  pump  is  a marine  sewage  pump  whose  detailed  specifica- 
tions are  dependent  upon  the  installation.  It  is  a non- macerating  centri-  j 

fugal  type.  The  two  pumps  are  piped  in  parallel  so  that  either  pump  can  { 

perform  one  of  two  functions,  namely:  sewage  transfer  to  the  treatment  j 

subsystem,  or  discharge  to  a pier  connection  or  overboard.  The  collection  J 

subsystem  is  always  operational,  but  while  the  vessel  is  at  pierside  or  ] 

beyond  restricted  waters,  the  treatment  and  incineration  subsystems  can  j 

be  shut  down  and  bypassed.  At  these  times,  collected  sewage  is  dis- 
charged  off  the  vessel  from  the  influent  surge  tank(s).  j 


Treatment  Subsystem 


The  treatment  subsystem  (1)  receives  the  combined  black  and  gray 
wastewaters,  (2)  removes  particulate  (suspended)  solids  from  the  water, 

(3)  partially  oxidizes  dissolved  contaminants,  (4)  disinfects  the  water, 

(5)  discharges  the  treated  water  overboard,  and  (6)  transfers  the  removed 
solids  (sludge)  to  the  incineration  subsystem.  The  process  components  in 
the  treatment  subsystem,  all  mounted  within  a structural  framework  are: 

. A feed  tank 

. A metering  feed  pump 

. A basket  centrifuge 

. A centrate  pump 

. An  ozone  generator 

, An  ozone  reactor 

, An  effluent  tank 

. An  effluent  pump 

A.  Feed  Tank 

The  feed  tank  is  a 30  gallon,  stainless  steel  tank  that  receives 
batches  of  sewage  from  the  Influent  surge  tank  whose  transfer  pump  Is 
controlled  by  the  low  and  high  liquid  level  sensors  mounted  in  the  top  of 
the  feed  tank.  The  tank  is  a horizontal  cylinder  with  a flattened  top  and 
mounting  legs  on  the  bottom.  The  level  sensors  are  of  the  conductivity 
type,  i.e.,  a small  current  flows  through  the  sewage  in  contact  with  the 
bottom  of  the  probe.  This  current  activates  a solid  state  relay  which 
controls  the  motor  contactor  of  the  influent  tank  transfer  pump.  The  low 
level  sensor  starts  the  pump  and  the  high  level  sensor  stops  it.  Transfer 
takes  place  in  a minute  or  so. 
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B.  Metering  Feed  Pump 

The  metering  feed  pump  is  a low  speed,  flexible  vane  pump  (Jabsco 
type)  that  acts  as  a positive  displacement  pump.  Each  revolution  of  the 
impeller  discharges  a fixed  volume  of  liquid.  Except  for  minor  fluid  bypass 
around  the  vanes  at  moderate  pressures(  the  pumping  rate  is  proportional  to 
rotational  speed,  regardless  of  discharge  pressure  (within  limits).  The  motor 
is  coupled  to  the  pump  through  an  adjustable  speed  reducer,  whose  setting 
can  be  changed  while  in  operation.  The  specified  flowrate  is  1.0  gallon 
per  minute  (gpm) . 

C . Basket  Centrifuge 

The  essential  part  of  the  basket  centrifuge  is  a stainless  steel  bowl, 
rapidly  spinning  about  a vertical  centerline.  The  bowl  has  a flat  bottom  and 
a straight  cylindrical  sidewall,  the  top  of  which  is  curved  inward.  While  it 
is  spinning,  centrifugal  force  will  keep  about  one  gallon  of  liquid  in  an  annulus 
against  the  side  wall.  Incoming  sewage  that  impinges  on  the  bottom  of  the 
bowl,  is  spun  outward,  joins  the  liquid  annulus,  migrates  upward  through  the 
annulus  and  then  is  flung  radially  outward  when  it  overflows  the  top.  The  bowl 
spins  at  3600  RPM,  developing  a minimum  force  on  the  liquid  of  1400  times 
gravity  (1400  G's).  Particulate  solids  that  settle  out  of  the  sewage,  due  to 
the  difference  in  density  from  that  of  water,  are  retained  against  the  sidewall 
where  the  centrifugal  force  of  2100  G's  compacts  them.  The  net  overall  action 
involving  the  centrifuge  bowl  is  that  sewage  flows  in  at  a steady  rate  of  one 
gpm  and  overflows  the  top  at  the  same  rate,  leaving  nearly  95%  of  the  particu- 
late solids  (by  weight)  accumulating  on  the  sidewall.  The  removal  of  collected 
solids  will  be  discussed  below. 

The  bowl  is  connected  to  the  upper  end  of  a vertical  spindle  having 
V-belt  pulleys  on  the  bottom.  The  bowl  is  completely  surrounded  by  a fiberglass 
shell  and  cover  which  captures  the  overflow  from  the  bowl.  A large  port  drains 


the  chamber.  Incoming  sewage  enters  through  an  inlet  in  the  removable  cover. 
An  electric  motor,  mounted  vertically  outside  the  chamber,  drives  the  spindle 
by  V-belts.  The  centrifuge  spins  continuously  under  normal  conditions,  whether 
sewage  is  flowing  or  not. 

Removal  of  settled  solids  from  the  spinning  bowl  is  accomplished 
periodically  by  a "stationary"  scoop  in  the  shape  of  a formed  pipe.  The  tip 
of  the  scoop  is  always  inside  the  bowl  but  normally  does  not  touch  the 
annulus  of  water  at  the  wall  of  the  bowl.  The  scoop  mechanism,  consisting  of 
a gearmotor,  chain  drive,  limit  switches  and  scoop  pivot,  are  mounted  on  the 
centrifuge  chamber  cover. 

Upon  a signal,  a gearmotor  drives  the  scoop  tip  outward  in  a generally 
radial  direction  until  the  tip  is  close  to  the  wall  and  the  pipe  opening  is  facing 
the  oncoming  annulus  of  water,  The  momentum  of  the  spinning  water  carries 
it  into  the  scoop  opening,  up  the  pipe,  and  out  of  the  centrifuge.  Before  this 
desludging  operation,  the  Incoming  sewage  is  halted  and  resumes  Immediately 
after  the  operation  has  been  completed.  The  desludging  operation  takes  less 
than  20  seconds  and  is  set  to  occur  at  30  to  60  minute  intervals,  depending 
upon  the  sludge  loading  experience.  Too  frequent  actuation  burdens  the  dis- 
posal equipment  with  excess  water  (about  a gallon  for  each  desludging  opera- 
tion) and  too  infrequent  actuation  can  result  In  a discharge  line  clogged  with 
solids.  Infrequent  operation  also  reduces  the  efficiency  of  separation. 


D.  Centrate  Pump 


The  centrate  pump  Is  a close-coupled  centrifugal  pump  that  takes  the 
centrate  (overflow  from  the  centrifuge  basket)  and  transfers  it  to  the  ozone 
reactor  column.  The  pump  body  and  impeller  Is  penton  plastic.  The  pump  haa 
double  mechanical  seals,  suitable  for  use  with  particulate- contaminated 
fluids.  In  order  to  keep  the  mechanical  shaft  seals  from  overheating  and 
wearing  out  prematurely  because  the  centrate  flow  ceases  periodically,  a 
small  flow  (about  one  quarter  gpm)  of  cooling  water  Is  continuously  supplied 
to  the  pump.  The  maximum  pumping  rate  is  1-1/4  gallons  per  minute. 
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E.  Ozone  Generator 
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The  ozone  generator  is  a repackaged  and  physically  strengthened  version 
of  a commercial  unit,  capable  of  producing  about  one  pound  per  day  of  ozone 
from  ambient  air.  The  generated  ozone  is  used  to  (1)  disinfect,  (2)  oxidize 
some  of  the  contaminants,  and  (3)  help  remove  fine  particulates  and  dissolved 
solids  from  the  -.©wage  already  processed  in  the  centrifuge.  Ozone  is  a 
moderately  stable  form  of  oxygen  which,  upon  breaking  up,  yields  an  oxygen 
molecule  and  a very  active  oxygen  atom,  The  single  atom,  in  contact  with 
bacteria  and  viruses,  is  capable  of  .destroying  them.,  The  resultant  disinfec- 
tion is  the  primary  reason  for  employing  ozone  in  the  MSD,  Since  air  is  the 
source  of  oxygen,  no  chemical  expendables  are  required  for  disinfection  of 
the  effluent  wastewater. 

Ozone  is  produced  by  a high  voltage  corona  discharge  (no  sparks)  between 
electrodes,  separated  by  a flowing  stream  of  dry  air.  The  ozone  generator 
produces  and  controls  the  high  voltage  electricity  and  distributes  it  among 
four  ozone  generating  tube  assemblies,  receiving  parallel  streams  of  dry  air. 

The  dry  air  is  produced  within  the  generator  housing  by  an  air  compressor  and 
two  molecular  sieve  dryers.  Molecular  sieve  pellets  absorb  moisture  from  the 
compressed  air  and,  when  saturated,  are  heated  to  drive  the  moisture  off  into 
a vented,  bleed  stream  of  air.  One  dryer  dehumidifies  the  air  stream  while 
the  other  one  is  being  thermally  regenerated.  Periodically,  the  dryer  functions 
are  reversed.  Controls  and  instrumentation  are  included  in  the  ozone  generator 
for  the  high  voltage  electricity,  compressed  air,  and  cooling  water  for  the  ozone 
tube  assemblies. 

F.  Ozone  Reactor  Column 

The  ozone  reactor  column  is  a stainless  steel  cylinder,  10  inches  in 
diameter  and  about  five  feet  high  filled  for  most  of  its  height  with  plastic 
"Pall  rings".  The  Pall  rings  are  short  cylinders  of  patented  design  which 
enhance  the  contact  of  ozonated  air  bubbles  with  the  sewage  in  the  column. 

The  column  operates  filled  with  sewage. 
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Incoming  sewage  enters  at  the  top  of  the  column,  flows  downward  to  a 
bottom  exit,  up  an  external  pipe  to  a controlled  height,  and  then  overflows 
into  the  effluent  tank.  The  height  of  the  overflow  point  sets  the  height  of  the 
liquid  in  the  column.  Ozonated  air  under  pressure  enters  the  oolumn  at  the 
bottom.  It  is  broken  up  into  small  bubbles  and  distributed  by  four  porous 
stainless  steel  diffusers.  As  the  bubbles  rise  through  the  sewage,  ozone 
diffuses  into  tho  liquid,  where  it  disinfects  and  decolorizes  the  sewage 
stream  and  oxidizes  some  of  the  dissolved  contaminants.  Air,  with  some 
unreacted  ozone,  is  drawn  off  the  top  of  the  column  by  an  exhaust  fan  and 
is  ducted  away  for  discharge  above  the  weatherdeck . 

The  ozonated  air  produces  a foam  on  top  of  the  liquid  in  the  column 
which  is  allowed  to  overflow  into  the  incinerator.  The  foam  contains  fine 
particulate  contaminants  and  dissolved  chemicals  in  greater  concentration 
than  in  the  sewage  in  the  column.  This  helps  to  further  purify  the  sewage 
to  be  discharged  overboard. 

G.  Effluent  Tank 

The  effluent  tank  is  a rectangular,  stainless  steel  tank  with  a maximum 
capacity  of  10  gallons,  which  receives  the  overflow  of  treated  sewage  from  the 
ozone  reactor  oolumn.  It  serves  as  a feed  tank  for  the  effluent  pump.  High-low 
sensors  control  the  on-off  operation  of  the  pump.  The  level  sensors  are  of  the 
conductance  type,  like  those  in  the  centrifuge  feed  tank,  A solid  state  relay 
converts  the  sensor  signals  into  signals  which  actuate  the  pump  motor  relay. 

H.  Effluent  Pump 

The  effluent  pump  is  a olose-ooupled  centrifugal  pump  that  withdraws 
treated  sewage  from  the  effluent  tank  and  discharges  it  overboard.  The  pump 
body  and  impeller  Is  penton  plastic.  This  pump  is  similar  to  the  oentrate  pump 
except  that  it  has  a single  mechanical  seal.  Its  capaolty  is  approximately 
7 gpm. 
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Incinerator  Subsystem 

The  Incinerator  subsystem  receives  sludge  from  the  centrifuge  (scoop), 
and  foam  from  the  ozone  reactor  column,  which  it  dehydrates  and  burns. 

Hot  exhaust  gases  and  ashes  are  the  resulting  products.  The  subsystem 
was  designed  by  Thiokol  Corporation  and  was  adapted  for  use  in  the 
Grumman  MSD  as  a substitute  for  Grumman's  MSD  incinerator.  The  com- 
ponent parts  of  the  subsystem  are* 

. A sludge  feed  tank 

. A recirculating  sludge  pump 

, An  incinerator,  with  high  pressure  burner  head 

. A high  pressure  blower 

The  incinerator  subsystem  has  not  yet  been  mated  with  the  Grumman  MSD 
for  testing.  Since  an  Operation  and  Maintenance  Manual  is  not  available, 
details  of  the  subsystem  may  not  be  as  extensive  as  for  the  rest  of  the  MSD. 
Available  sketches  show  that  the  Thiokol  incinerator  subsystem,  using 
vessel  service  air,  fits  within  the  original  framework  of  the  Grumman  MSD, 
except  for  a 20-inch  wide  control  panel  box,  projecting  10  Inches  past  the 
frame,  and  the  incinerator  burner  head  which  extends  a few  inches  beyond 
the  frame.  Space  is  available  for  this  subsystem  after  the  removal  of  the 
Grumman  incinerator,  hydrasieve  and  disk  centrifuge. 

The  incinerator  subsystem  does  not  have  its  own  support  structure  but 
is  Incorporated  Into  the  MSD  structure.  For  some  applications  of  the  entire 
MSD  system  with  varying  types  of  wastewater  feed  on  larger  vessels,  more 
inoinerator  subsystems  than  the  number  of  treatment  subsystems  are  required. 
In  these  cases,  the  components  of  the  incinerator  subsystem  are  mounted 
individually  in  any  convenient  arrangement. 

A.  Sludge  Feed  Tank 

The  sludge  feed  tank  is  fabricated  of  fiber  glass  reinforced  plastic, 
shaped  like  an  oblique  pyramid  with  extended  rectangular  sides.  One  side 


201 


:i 

] 

\ 

i 

i 

i 

A 

1 


i 

i 


flat  for  hanging  on  a wall.  It  will  hold  about  20  gallons.  The  influent 
connection,  the  recirculating  sludge  connection  and  the  vent  are  at  the 
top  and  the  bottom  of  the  hopper.  Recirculation  of  sludge  keeps  the 
contents  aerated  and  the  solids  in  suspension. 

B.  Recirculating  Sludge  Pump 


The  sludge  pump  is  a positive  displacement  unit  that  recirculates 
centrifuge  sludge  and  reactor  foam,  from  the  feed  tank  through  a three-way  i 

motor  driven  valve,  and  back  to  the  feed  bank.  It  is  driven  by  a quarter  j 

horsepower  motor.  Upon  actuation  of  the  three-way  valve,  the  circulating  | 

sludge  is  diverted  to  the  incinerator.  \ 

I 

i 

C . Incinerator 

I 

I 

The  incinerator  is  a horizontal  rectangular  chamber  with  a high  pressure  j 
burner  firing  in  line  with  the  long  horizontal  centerline.  A high  pressure  j 

burner,  using  air  at  two  psig,  was  chosen  to  alleviate  flameout  problems  due  ' 

I 

to  fluctuations  in  compartment  atmospheric  pressure.  The  sludge  enters  the 

! 

combustion  chamber  via  a tube  whioh  drops  the  sludge  into  a horizontally 
directed  stream  of  compressed  air.  The  air  atomizes  the  sludge,  whioh 
commingles  with  the  flame.  A vertical  stack  rising  at  the  end  opposite  the 
burner,  exhausts  the  combustion  gases , Ash  removal  requires  opening  the  . 

hinged  and  on  which  the  burner  is  mounted.  Controls  include  a flame 
(failure)  detector. 

D.  High  Pressure  Blower 

i The  high  pressure  blower  is  a twin  shaft,  lobed  blower  of  the  Rootes 

l;  i 

i;  type,  and  is  belt  driven.  It  supplies  80-100  SCPM  at  two  psig  to  the  incinerator  i 

burner  head.  It  is  mounted  on  the  shelf  of  the  MSD  structure  that  formerly  held  j 

the  disk  centrifuge.  > 


* Plus  10  inches  for  control  panel,  20  in  W x 30 
1"  Plus  projection  of  incinerator-  nozzle . 


GRUMMAN 


INTERCONNECTING  PIPE  SIZES 


From 

To 

Size  (inches) 

~ ...  — . 

Influent  Surge  Tank  Pump 

Feed  Tank 

2 NPT 

Effluent  Pump 

Riser 

3/d  to  1 NPT 

Fuel  Oil  Pump 

Inalnorator 

1/4  NPT 

Inclnurator 

Atmosphere 

7.1/2  ID  X 14  OD 
Insulated  stack 

* Stack  may  vary  In  size  depending  upon  Installation, 
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. MSI)  IIITECTIVENESS  ATTRIBUTE  DATA 

I - ADAPTABILITY  FOR 
M/E  „ SHIPBOARD  INSTALLATION 


MSD  GRUMMAN 


M/E 
Factor/ 
Subfactor 
Ident,  No. 


INSTALLATION 


ChaMcterly.lci 


Sheet  I of  _ 


INSTALIATION 
Attribute  Data 


MSD  materials  disallowed  ot  not  recommended.'  ' 

(o)  No  disallowed  or  not  recommended  materials  present'  ’ In  MSD  subsystem, 
(b)  Some  disallowed  or  not  recommended  materials  present  In  MSD  subsystem, 
but  resultant  problems  can  be  solved  or  compensated  for. 

(o)  Presence  of  disallowed  or  not  recommended  materials  In  MSD  subsystem 
presents  problems  with  no  feasible  solutions. 


Extent  of  additional  support  systems  or  equipment  required  to  accommodate 

msdW 

Identification  of  support  system  requirements  for  MSD  subsystem. 


Extent  of  fixture  modifications  required  for  MSD  installation. 

(a)  MSD  uses  standard  counnodes  and  urinals. 

(b)  MSD  uses  non-standard  commodes  and  special  equipment  is  associated 

with  die  urinals. 

(c)  MSD  uses  non-standard  oommodcs,  special  equipment  is  associated  with 
the  urinals  and  each  fixture  has  additional  hoolt-up  requirements. 


Extent  of  flush  medium  supply  modifications  required  for  MSD  installation. 

(a)  MSD  uses  sea  water  for  flushing  fixtures. 

<b)  MSD  uses  fresh  water  for  flushing  fixtures. 

(c)  MSD  uses  a non-aqueous  for  flushing  fixtures. 


Hookup  requirements'  ' for  MSD  Collection /Trans  port  subsystem  Installation. 

(a)  MSD  uses  standard  CoUccrlonA'ransport  subsystem. 

(b)  MSD  lists  recirculating  Collcciicn/Ttanspott  subsystem.^) 

(c)  MSD  uses  non-standard  and  centralized  CoHection/lransport  subsystem. 

(d)  MSD  uses  non-standard  and  noil-centralized  Collection/Transport 

subsystem.  (®) 


(1)  As  specified  in  subchapters  J&F  of  Merchant  Marino  Code  and  C.G,  MSD  regulations. 

(2)  For  putposcs  of  tills  study,  C.Ci.  directs  choice  (a)  for  all  MSDs. 

(3)  Examples; 

. Firefighting  system  must  be  Installed  with  inclncratot. 

. Bilge  alarm  required  if  large  tank  Is  installed  atovc.  bilge. 

. Compressor  required  on  vessels  (hat  do  not  already  have  one. 

. Detectors  of  toxic  or  noxious  gases  should  be  Installed  with  any  system  that,  ns  an  inherent  design  feature,  lines 
such  gases  in  processing  wastes. 

(4)  Drain  piping:  clectxio  cables  for  Connecting  commodei,  M/T  pump  mid  control  panel,  compressed  air,  etc, 

(5)  lu  existing  gravity  drain  system, 

((!)  Includes  conversion  itom  reduced  flush  vacuum  <»l;cctioii  to  a standard  gravity  drain  system  with  or  without  recirculation. 


(7)  Osotie  detector. 

(8)  Firefighting  equipment:  ventilation 

(9)  liilge  Alarm  for  sludge  holding  tank,  if  requited.  205 

(10)  Influent  surge  tank  required. 


. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 
I - ADAPTABILITY  FOR 
M/E  SHIPBOARD  INSTALLATION 


GRUMMAN 


M/E 
Factor/ 
Subfactor 
Went.  No. 


INSTALLATION 

Characteristic! 


INSTALLATION 

Attribute  Data 

Collect, /Transp, 
Subsystem 

Treat,  /Disposal 
Subsystem 

0) 

With  1 Holing 
’ncin  1 Tank 

c 

1 

N/A 

1 

l 

232  Routing  flexibility  for  drain  piping  modifications  associated  with  MSD  With  Holding 

Collection  /Transport  subsystem  installation^)  , .’tola  ^ Tank 

(a)  Routing  of  MSD  Collection/Transport  piping  Is  highly  flexible. 

(b)  Routing  of  MSD  Collection/Transport  piping  Is  moderately  flexible  with  I 

some  restrictions. 

(o)  Routing  of  MSD  Collcction/Transport  piping  is  highly  inflexible.  c ^ 

233  Space  requirements  for  MSD  Collcction/Ttansport  subsystem  installation  ^ l 

(a)  Space  required  for  MSD  Collection  /Transport  subsystem  Is  little  or  no  I 

greater  than  that  required  for  standard  Collection/Transport  subsystem,  1 

(b)  Space  required  for  MSD  Collection/Transport  subsystem  is  moderately  b N/A 

Increased  over  that  required  for  standard  Collection /Trans port  subsystem.  1 

(c)  space  required  for  MSD  Collection/Transport  subsystem  Is  much  greater  I 

than  that  required  for  standard  Collection /transport  subsystom. i 

234  Modularity  of  MSD  Collection/Transport  subsystem  (as  It  affects  Installation).  1 

(a)  CcUectlon/Tratisport  subsystem  Is  highly  modulat.  a 

(b)  There  is  an  option  for  some  decentralization  of  the  MSD  Collection/  l 

j Tlansport  subsystem,  ( 

(c)  The  MSD  CoUecdon/Transport  subsystem  Is  highly  conttallzcd.  , 

I 

235  Vent  requirements  for  MSD  Collcction/Transport  subsystem  Installation.  ( 

(a)  MSD  Collection/Tnnsport  subsystem  requires  no  vents,  i 

(b)  MSD  Codec  don/Tr.i  us  port  subsystem  requires  few  vents,  N/A 

(c)  MJD  Collcotion/Trsnsport  subsystom  requires  many  vents.  c 1 

(1)  Of  the  three  relevant  categories  of  touting  lines  (piping,  ventilation,  electrical),  piping  is  die  most  important  for 

assessing  ease  of  MSD  installation. 

(2)  Notes  i 

. With  gravity  drainage,  lines  must  always  slope  downward  and  tequire  venting. 

. Smaller  size  lines  are  inherently  .nore  flexible. 

. With  pump  or  vacuum  Collcction/Transport  subsystem,  sharp  bends,  risers  and  long  runs  can  be  accommodated 
in  piping, 

(3)  Gravity  drainage  through  standard  drain  lines,  Answer  applies  to  now  installation  onlyi  if  standard  drain  lines  already  installed 
In  vessel,  diou  (a)  applies. 

(4)  influent  surge  taut:  and  associated  pumps  occupy  additional  space.  Space  taken  is  proportional  to  number  of  men  subsystem 

serve*.  fY40  s\  1 

.;  i>  40, 5 giili/inan/duys  want  half  day's  supply  t |_vTj/ //7,‘m  ' 2,7 

2.7  cu.  ft  +20"/.  overage"  3.28  cu  ft/man 

(8)  As  for  standard  drain  lines  (i.c.,  all  tn.pi  must  be  vented),  in  addition,  vent  required  for  influent  surge  tank.  Answer  applies 
to  new  Installation  onlyi  if  standard  drain  lines  already  installed  in  vessel  than  (b)  applies. 
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M/E 
Factor/ 
Subfactor 
Ident.  No, 


. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 
I - ADAPTABILITY  FOR 
M/E  SHIPBOARD  INSTALLATION 


INSTALLATION 


Sheet 


Attribute  Data 

:otlect. /Trantp.  Treat,  /Disposal 
Subiyitem  Subiyitem 

h-Wltlf 

with  I Holding  I 


Character  »tlcr 

Hookup  requirement!^  for  MSD  wane  Tteatment/Dlsposal  subsystem 
Installation 

(a)  Pipe,  ducts  and/or  cable  requirement*  for  die  MSD  Treatment/Dirpoial 

lubryrtcm  arc  minimal, 

(b)  Pipe,  ducti  and/or  cablo  requirement!  for  the  MSD  Treaimenc/Diiporal 

rubayttem  are  moderate. 

(c)  Pipe,  ducts  and/or  cable  requirements  for  tile  MSD  Treatment/Dirpoial 

subsystem. arc  extensive, 


243  Degree  of  modularity  of  MSD  watte  Troatment/Ditpotal  subsystems  (as  It  I 

affects  Installation)!*) 

(a)  MSD  Trcatmcnt/DUposal  subsystem  Is  highly  modular.  I 

(b)  There  Is  an  option  for  some  decentralization  of  die  MSD  Treatment/  N/A  , 

Disjiosal  subsystem. 

! (o)  MSD  Trcatmcnt/Dliposal  subsystem  Is  highly  centralized, c 1 c 

244  Vent  requirements  for  MSD  waste  Trcatmcnt/Dliposal  subsystem  Installation^  ^ 1 11 

t.t)  No  vents  arc  required  for  MSD  Treatmont/Dlspoial  subsystem,  N/A  i 

(b)  Vena  ate  requited  for  MSD  Ttcattnout/Plspoial  subsystem, b i b 

245  Exltaust  stack  requirements  for  MSD  waste  Treatmont/Dlspoial  subsystem  i 1 

installation.  I'1)  1 

(a)  Exhaust  stack  not  requirod  for  MSI)  Tteatmciu/Dlsposal  subsystem.  N/A  « 

(b)  Small  exhaust  stack  required  for  MSD  Trcatmcnt/Dlsposal  subsystem.  ' 

_______  (c)  barge  exhaust  stack  required  for  MSD  Treat  incut  /Pis  posal  subsystem.  c | 

(1)  Piping  for  fuel  oil,  fresh  water,  cooling  water,  compressed  air,  Interconnecting  remotely  located  equipment,  overboard 
discharge  lino,  otc.t  electric  cublcs  for  powor  supply,  remote  panels,  etc.i  ducting  for  ventilation,  etc. 

(2)  Decentralization  of  components  may  requite  additional  hookups  and  piping  runs. 

(3)  Vents  that  are  only  internal  to  tho  compartment  In  which  subsystem  Is  located  arc  not  considered  here. 

(4)  Notcsi 

. Electric  Incinerator  requires  small  (2")  exltaust, 

. Fuel  Incinerator  requites  large  (10”)  exhaust, 

(5)  Compressed  alrt  eloctzic  power,  electrical  controls,  cooling  watcri  air  for  ozene  generator  taken  from  atmosphere. 

(0)  Fuel  required.  Electrical  supply  for  die  l /D  subiyitem  Is  usually  together  in  one  package)  more  electrical  connections  near 
surge  tank, 

(V  All  components  (of  waste  treatment  portion)  mounted  within  a structural  framework, 

(8)  Incinerator  pari  of  treatment  subsystem  packagci  howevet,  may  be  separated  and  mounted  In  any  convenient  location. 

(11)  For  ozone  reactor  column, 

(10)  kludge  holding  tank  requires  vent, 
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MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


M/E  II  - PERFORMANCE 


MSD  GRUMMAN Sheet  1 of 4 


M/F. 

Factor/ 

Subfactor 

Idem.  No. 

Attribute  Data 

Characteristics 

Collect, /Trmtsp. 
Subsystem 

Freat,  /Disposal 
Subsystem 

311 

Effect  of  peak  hydraulic  loads  in  blacl/^  water  stream  on  MSD  performance*1 2^ 

(4) 

With 

with  Holding 

(a)  No  significant  effect  of  black  water  peaks  on  MSD  subsystem  performance, 

(b)  Effect  of  black  tracer  peaks  is  of  abort  duration,  with  temporary  Implica- 

tions fot  MSD  subsystem  performance,  easy  to  overcome. 

(o)  Long-term  effect  of  black  water  peaks,  difficult  to  overcome,  with  long- 
term implications  for  MSD  subsystem  performance. 

(d)  No  ability  of  MSD  subsystem  to  handle  black  water  peaks. 

« 

Incin,  , Tank 

(5,6)  , (5) 

1 

1 

1 

c | 0 

312 

Effect  of  peak  hydraulic  loads  In  gray*^  water  stream  on  MSD  performance  (2) 

(a)  No  significant  effect  of  gray  water  peaks  on  MSD  subsystem  performance. 

(b)  Effect  of  gray  water  peaks  Is  of  short  duration,  with  temporary  implications 

for  MSD  subsystem  performance,  easy  to  overcome. 

(c)  Long-term  effect  of  gray  water  peaks,  difficult  to  overcome  with  long-term 

Implications  for  MSD  subiystum  performance. 

(d)  No  ability  of  MSD  subsystem  to  handle  gray  water  peaks. 

N/A 

C/T  fot  black 
water  only 

(0.0)  j (5) 

1 

1 

1 

1 

c j c 

..  J 

321 

Effect  of  low  flow  conditions/long  Idle  times  In  black  wirier  stream  on  MSD 
performance!3 4 5 6 7 8 9) 

(a)  No  significant  effect  of  black  water  low  flow  oondltions/long  Idle  times  on 

MSD  subsystem  performance. 

(b)  Effect  of  black  water  low  flow  conditions /long  Idle  times  of  short  duration, 

(D 

V 

(8.9)  1 (8) 

1 

1 

1 

l 

with  temporary  implications  for  MSD  subsystem  performance,  easy  to 
overcome. 

(c)  Long-term  effect  of  black  water  low  flow  conditioni/loitg  Idle  times, 

difficult  to  overcome,  with  long-term  implications  for  MSD  subsystem 
performance. 

(d)  No  ability  of  MSD  subsystem  to  handle  black  water  low  Dow  conditions/ 

Ions  idle  times. 

b 

It  b 

1 

1 

1 

1 

1 

1 

(1)  Includet  Instantaneous,  hourly  oml  dally  loads. 

(2)  Peak  load  handling  ahllity  depends  on  C/T  subsystem.  Hie  ability  of  an  MS!)  which  omploys  an  Influent  surge  tank  to 

handla  peaks  usually  depends  almost  entirely  on  tho  sizing  of  this  tank. 

(3)  An  example  of  low  flow  condition  Is  when  7!5''/u  of  the  crew  Is  not  on  Ixiord  vessel  for  a week  and  usage  rate  by 

remaining  SSfoof  crew  Is  normal.  Long  Idle  times  ate  on  die  order  of  several  weeks  of  virtually  no  usage  of  MSD. 

(4)  If  influent  surge  tank  Is  properly  sized  - sizing  of  tank  is  vessel  dependant,  If  installation  will  not  accommodate 

required  tank  size,  (b)  or  (c)  will  apply, 

(5)  The  subsystem  must  be  fed  at  a steady  rate  and  In  that  sense,  has  no  peak  load  ability, 

(6)  Incinerator  fed  by  sludge  feed  tank  which  has  a very  limited  peak  capability  (28  gals,  capacity). 

(7)  possibly  * problem  If  Influent  surge  tank  Is  left  noaerated.  This  could  cause  odors  - leas  of  a problem  for  gray  water 

than  for  black  water. 

(8)  . If  Idle  time  is  long,  bs»k«t  centrifuge  sludge  might  per  hard;  may  require  disassembly  for  cleaning, 

, Ozone  column  and  generator  work  during  low  flow  and  idle  times,  so  there  Is  no  problem  with  them. 

(9)  natch  operation)  no  problem  with  low  flow  during  long  Idle  titiics. 
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l 


M/E  H - PERFORMANCE 


I 


MSD  GRUMMAN Shoot  2 of  _± 


M/E 
Factor/ 
Subfactor 
Idont.  No, 

Characteristics 

Attribute  Data 

Collect,  /Tramp. 
Subsystem 

Treat.  /Disposal 
Subsystem 

222 

Effect  of  low  flow  oonditioni/long  idle  dines  in  gray  water  itream  on  MSD 
performance^) 

(a)  No  significant  effoct  of  gray  water  low  ilow  conditions /long  idle  times  on 

MSD  subsystem  performance. 

(b)  Effect  of  gray  water  low  flow  conditions /long  idle  times  of  short  duration, 

with  temporary  Implications  for  MSD  subsystem  performance,  easy  to 
overcome. 

(c)  Long-term  effect  of  gray  water  low  flow  conditions /long  idle  times, 

difficult  to  overcome  with  long-term  Implications  fot  MSD  subsystem 
performance. 

(d)  No  ability  of  MSD  subsystem  to  handle  gray  wator  low  flow  condidons/long 

idle  times. 

N/A 

C/T  for  black 
water  only 

1 With 

With  1 Holding 
mein,  1 Tank 
(4, 6)  j (4)‘ 

1 

b 1 b 

1 

1 

1 

1 

1 

1 

331 

Ability  of  black  water  portion  of  MSD  to  handle  additional  personnel  (on  a 
long-term  basts)^) 

(a)  MSD  black  water  subsystem  will  hatidlo  additional  personnel  with  little  or 

no  degradation  in  performance. 

(b)  MSD  blaok  wator  subsystem  will  handle  additional  personnel  with 
moderately  degraded  (but  idll  barely  acceptable)  performance. 

(c)  MSD  black  wator  subsystem  will  not  handlo  addidonal  personnel 

a 

O'1)  1(9,8) 

1 

1 

a 1 

1 

1 b 

1 

332 

Ability  of  gray  water  portion  of  MSD  to  ha  tic.  a additional  personnel  (on  a long- 
term basis)'31 

(a)  MSD  gray  water  subsystem  will  handle  addidonal  personnel  with  little  or  no 

degradation  In  performance. 

(b)  MSD  gray  water  subsystem  will  handle  addidonal  personnel  with  inodcrAtcly 

degraded  (but  still  barely  acceptable)  performance. 

(c)  MSD  gray  water  subsystem  will  not  handle  additional  personnel. 

N/A 

C/T  for  black 
water  only 

1 

(O'1)  1(6,8) 

1 

1 

a 

b 

; 1 

J 

(I)  An  example  of  low  flow  condition  is  when  76%  of  the  crew  Is  not  on  board  vessel  for  a week  and  usage  rata  by 

remaining  26%  of  crew  is  normal.  Long  Idle  timer  are  on  the  ordor  of  teveral  week*  of  virtually  no  utago  of  MSD. 

(2}  Resulting  In  long-term  lncteaae  in  average  black  water  itream  hydraulic  loading.  The  ability  of  an  MSD  which 
employ*  a black  water  (or  tludge)  holding  tank  to  handle  additional  perionnel  may  be  determined  by  the  ilze  of 
that  tank. 

(3)  Rciultiug  in  long-term  increase  in  average  gray  water  itream  hydraulic  loading.  The  ability  of  an  MSD  which  employs 

a gray  wator  (or  tludge)  holding  tank  to  handle  additional  pononnel  may  he  determined  by  die  lire  of  that  tank. 

(4;  . if  idle  time  li  long,  basket  centrifuge  sludge  might  get  hard:  may  require  disassembly  for  cleaning. 

. ozone  column  and  generator  work  during  low  flow  Idle  times,  so  there  is  no  problem  widi  diem. 

(6)  Batch  operation!  no  problem  wldi  low  flow  during  long  Idle  times 

(0}  20  man  Grumman  could  handle  up  to  40  people  (handles  1.26  gali/mlm  widi  40  people  will  run  21, 0 hrs/day), 

(7j  Incinerator  limits  number  of  men  which  can  be  handled  (full  flush  black  and  gray  water  combined  — *•  40.  S gals  per 
capita  day)i  with  40  men,  Incinerator  will  run  22,  S hrs/day  since  Incinerator  can  take  0 galt/hr. 

(8)  . Cannot  handle  additional  personnel  and  meet  maximum  holding  time  requirements, 

, May  take  additional  personnel  for  short  time  (tank  sized  in  man  days)  If  required  tank  capacity  it 
acoommodntod  by  Installation, 
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MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


M/E  II  - PERFORMANCE 


MSD  GRUMMAN Sheet  3 of  4 


M/E 
Factor/ 
Subfactor 
Ident.  No, 

Characteristics 

Attribute  Data 

Collect.  /Trantp. 
Subsystem 

Treat,  /Disposal 
Subsystem 

41 

Ability  of  black  water  handling  portion  of  MSD  to  operate  for  sustained  time 
periods 

(a)  MSD  black  water  subsystem  can  operate  for  indefinite  period  of  time  if  no 

components  fail.!1) 

(b)  MSD  black  water  lubsyttcm  can  operate  for  only  limited  period  of  time, 

even  if  no  components  fail. PI 

a 

! With 
With  j Holding 
liicln.  | Tank 

I 

a * 

1 

1 

1 b 

43 

Ability  of  gray  water  handling  portion  of  MSD  to  operate  for  sustained  time 
period 

(a)  MSD  gray  water  subsystem  can  operate  for  indefinite  period  of  time  if  no 

components  fail. (I) 

(b)  MSD  gtay  water  subsystem  can  operate  for  only  limited  period  of  time, 

even  if  no  components  fail, PI 

N/A 

C/T  for  buck 
water  only 

1 

1 

1 

a J 

1 

1 b 

61 

Ability  of  MSD  to  handle  ground  garbage  in  black  water  stream 

(a)  MSD  black  water  subsystem  will  handle  ground  garbage  in  black  water 

stream  on  a long-term  basis, 

(b)  MSD  black  water  subsystem  will  handle  ground  garbage  in  black  water 

stream  an  at  least  a dtort-term  basis. 

(o)  MSD  black  water  subsystem  will  not  handle  ground  garbage  in  black  water 
stream. 

a 

1 

(4)  | 

1 

a 

b 1 

1 

1 

1 

82 

f3) 

Ability  of  MSD  to  handle  foreign  matcrlals/objccts'  ' in  black  water  stream 

(a)  MSD  subsystem  will  handle  foteign  materials/objecta  in  black  water 

stream  on  a long-term  Itatlt. 

(b)  MSD  subsystem  will  handle  foreign  materials/objeet*  in  black  water 

scream  on  at  least  a short-term  basis. 

(c)  MSD  subsystem  will  not  handle  foteign  rnatcrials/objects  in  black  water 

stream. 

(6) 

.1 

(6)  | <«) 

1 

a a 

1 

1 

1 

1 

(1)  Appllet  to  a T/D  tubtyitcm  with  an  incinerator. 

(2)  Appllet  to  a T/D  subsystem  without  an  incinerator. 

13)  Exampleti 

. Long,  narrow  object*  (pent,  pencil*,  toothpick*,  uto.) 

. Small  hard  objects  (nut  ihcllt,  pull  tab  from  a flip  top  can,  bottle  eapa,  pape 
tcrews/naili,  cufflinks,  etc.) 

, large  toft  object*  (paper  towels,  newspaper  page,  stiff  and  ihlny  magazine  pa 
tag,  tampons  and  sanitary  napkin*,  etc.) 

clips,  coins,  nuts/bolts/ 

ge,  strings  from  a floor  mop, 

(4)  Particle*  in  garbage  (piece*  of  bone,  melon  pin,  placet  of  meat,  etc, ) may  clog  feed  line  or  tpray  notele  in 


Incinerator  neceultating  thutdown  or  cleanout, 

(5)  A rag  could  plug  up  pumpt, 

(6)  Large  object*  or  ragt  probably  won't  get  through  Influent  turge  and  feed  tanki. 
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MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


M/E  II  - PERFORMANCE 


MSD  GRUMMAN Sheet  4 of  4 


m/k 

Factor/ 
Subfactor 
Ident.  No. 

Characteristic* 

Attribute  Data 

Collect.  /Transp. 
Subsystem 

Treat.  /Disposal 
Subsystem 

S3 

Ability  of  MSD  to  handle  dctergentt/iurfactant*  in  black  water  stream  on  a 
long-term  bast*, 

(a)  MSD  subsystem  wlU  handle  deterge  nts/iutfactanu  in  black  water  itream 

on  a long-torm  bosl*. 

(b)  MSD  lubsyitcm  will  handle  detergents /surfactant!  in  black  water  stream 

oil  at  least  a short-term  basis. 

(a)  MSD  subsystem  will  not  handle  detetgents/turfaotants  in  black  water  stream. 

A 

| With 
With  ilioldlng 
Incln.  * Tank 

a a 

1 

1 

64 

Ability  of  MSD  to  handle  toxic  materials  in  black  water  stream 

(a)  MSD  subsystem  will  handle  toxic  materials  in  black  water  stream  on  a 

long-term  basis. 

(b)  MSD  subsystem  will  handle  toxic  materials  in  black  water  stream  on  at 

least  a short-term  basis. 

(c)  MSD  subsystem  will  handle  toxic  materials  in  black  water  stream. 

A 

1 

1 

1 

a ! a 

| 

1 

61 

Ability  of  MSD  secondary  omissions  to  meet  applicable  standards  for 
the  discharge  of  air  pollutant* 

(a)  No  poulbiUty  of  discharge  of  significant  air  pollution  from  MSD  subsystem. 

(b)  MSD  subsystem  will  meet  standards  for  air  pollutants  under  normal  oper- 

ating condition*. 

(c)  MSD  subsystem  will  meet  standard*  for  air  pollutant*  under  normal  oper- 

ating conditions  and  there  is  a strong  poulbiUty  of  non-conformance  to 
standards  under  unusual  operating  conditions. 

A 

(1.2)  | (1) 

1 

1 

1 a 

b , 

1 

1 

1 

62 

Ability  of  MSD  secondary  emissions  to  meet  applicable  standards  for 
disposal  of  oil-contamluatcd  residue*  at  tea 

(a)  MSD  tubsyjtcni  has  no  potential  for  producing  oll-contamlnated  residues 

at  sea, 

(b)  MSD  subsystem  has  a potential  for  producing  oil-contaminated  residues 

at  sea. 

A 

(3)  | (3) 

1 

1 

1 

1 

1 

b | ' b 

11 

Performance  risk  for  black  water  handling  portion  of  MSD 

(a)  MSD  black  water  subsystem  has  a history  of  fair  or  better  test  results. 

(b)  MSD  block  water  subsystem  has  a history  of  poor  test  results. 

(c)  No  test  results  arc  available  for  tilt  MSD  black  water  subsystem. 

A 

(4)  j (4) 

„ * 

72 

Performance  risk  for  gray  water  water  handling  portion  of  MSD 

(a)  MSD  gray  water  subsystem  lias  a history  of  falx  or  better  teat  results. 

(b)  MSD  gray  water  subsystem  hits  a history  of  poor  test  results. 

(c)  No  tost  results  arc  available,  for  the  MSD  gray  water  subsystem. 

N/A 

C/T  for  black 
water  only 

(4)  [ (4) 

1 

b ] b 

(1)  continuous  emission  of  oisone  • no  imndardi  against  tt. 

(2)  Under  extraordinary  or  improper  condition),  Incinerator  may  exhaust  pollutants, 

(3)  , if  discharge  overboard  from  influent  surge  tank.  While  accepting  galley  wastes,  tnny  discharge  (biodegradable)  oils. 


. if  oxo.te  reactor  not  operating  properly,  may  discharge  vegetable  oil  in  effluent. 
(4)  Ponr  test  remit*  with  and  without  Incinerator;  wurie  with  Incinerator, 
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MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


III  - OPERABILITY 


MSD  GRUMMAN 


Sheet  1 


OPERABILITY 

Characteristic* 


Degtee  of  automation  for  MSD  operation  ^ 

(a)  MSD  subtyscem  la  almoit  fully  automatic, 

(b)  MSD  subsystem  U seml-automatici  require!  Infrequent  operator 

attention. 

(c)  MSD  subsystem  Is  semi-automatic  t require*  a moderate  degree 

of  operator  attention. 

(d)  MSD  subsystem  I*  leml-automatici  require!  frequent  operator 

attendoo, 

e)  MSD  jubsyitem  it  operated  manuall 


Ea*e  of  diipoial  of  MSD  residue(s)^^ 

(a)  MSD  subsystem  ha*  no  retidue*,  or  dispcjal  of  residues  front  MSD 

tubayitem  ii  very  convenient. 

(b)  Disposal  of  residue*  from  MSD  subsystem  1*  moderately  convenient, 
(o)  Dlipotal  of  retidue*  from  MSD  lubtyitem  1*  Inconvenient. 


Likelihood  of  violating  effuent  irandardi  became  of  procedural  error!  in  MSD 
operation. 

(a)  There  It  virtually  no  chance  of  violating  effluent  standards  because  of 

procedural  errors  In  MSD  operation, 

(b)  There  Is  a low  likelihood  of  violating  effluent  itandardi  because  of 

procedural  errors  in  MSD  operation, 

(c)  There  is  a fair  to  moderate  chance  of  violating  effluent  standard!  because 

of  procedural  errors  In  MSD  operation, 

(d)  There  Is  a high  likelihood  of  violating  effluent  standards  because  of 

procedural  errors  in  MSD  operation, 


Skill  tevel  requirement*  for  operator  of  MSD 
MSP  subsystem  complexity  ranking  from  1 to  8 
Training  requirements  for  operator  of  MSD 
MSD  subsystem  complexity  ranking  from  1 to  5 


(1)  Retidue  is  any  by-product  of  normal  MSD  operation,  disposal  of  which  is  regular  operating  task.  Example*  are  aih 
produced  by  an  Incinerator,  seal  water  used  by  vacuum  pumps,  wastewater  or  sludge  held  in  a tank,  evaporator 
residue,  etc. 

Cl)  Length  of  time  required  for  disposal  is  the  main  factor  considered!  other  factors  ste  ease  of  access  of  ares  of  MSD 
containing  the  residue,  amount  of  retidue  to  be  disposed  of,  and  ease  of  storing  retidue  on  board  or  taking  if  off 
vessel,  as  appropriate. 

(3)  By  dumping  overboard  effluent  which  doesn't  meet  standards,  flush  oil,  evaporator  residue,  six  pollutants  from 
Incinerator,  eto. 


(4)  Ash  removal  not  more  frequently  than  every  3 days.  (May  have  same  amount  of  ash  with  30  men  at  with  20  men.) 

(0)  Operator  attention  required  to  start  up  ozone  generator. 

(0)  If  system  used  W/CMT  rather  dial)  lnelnorator,  the  inconvenience  of  nth  removal  it  exchanged  for  CUT  pump  and  rinse  out. 

(7)  If  ozone  generator  is  not  generating  ozone  (only  blowing  air)  can  violate  effluent  standards.  213 

(8)  Improper  operation  of  Incinerator  may  result  in  discharge  of  air  pollutants. 
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M/E 
Factor/ 
Subfactor 
Idem.  No, 

OPERABILITY 

Characteristic! 

OPERABILITY 

Attribute  Data 

HOQSuSMI 

25 

Effect  of  MSD  operation  on  vesiel  work  routinoi/tohedulea 

(a)  MSD  operation  has  minimal  or  no  effect  on  work  routines/ schedules,  •1' 

(b)  Effect  of  MSD  operation  on  work  routines/ichedulei  it  more  than 

minimal  (1.  e. , Is  moderate  or  extensive). 

■ 

32 

Availability  of  specialized  ot  unique  consumables/ expendables  required  for 

MSD  operation 

(a)  No  specialized  oc  unique  cotuumablea  or  expendables  required  for  MSD 

subsystem  operation. 

(b)  Any  specialized  or  unique  consumables  or  expendables  required  for  MSD 

subsystem  operation  are  available  from  ship’s  inventory. 

(c)  Any  specialized  or  unique  consumables  or  expendables  required  for  MSD 

subsystem  operation  are  available  from  Federal  Stock  System. 

(d)  Any  specialized  or  unique  consumables  or  expendables  required  for  MSD 

subsystem  operation  ate  available  from  a commercial  source. 

a 

With  i Holing 
lncln,  | Tank 
(5) 

i 

! a 
l 

1 

1 

1 

1 

l 

1 

d ! 

33 

Operating  requirements  far  special  or  unique  MSD  support  equipment 

(a)  No  tpealal  or  unique  support  equipment  required  by  MSD  subsystem. 

;b)  Some  special  or  unique  support  equipment  required  by  MSD  subsystem) 
equipment  requires  only  minimal  and  Infrequent  attention*2)  to  keep 
operational . *3) 

(c)  Some  special  or  unique  support  equipment  required  by  MSD  subsystem) 
requires  more  than  Infrequent  attention  to  keep  operational.*'*' 

a 

(«.8)  j (7,8) 

1 

1 

1 

b i b 

l 

l 

1 

L 

(1)  By  C.C.  direction,  (a)  applies  to  <U  MSDi  cooildered  in  thii  study. 

(2)  No  more  frequently  than  weekly  with  a duration  not  greater  chan  10  mlnucej;  or  mote  frequently  chan 

aeml -annually  with  a duration  of  2 houn. 

(3)  E.g,,  firefighting  equipment,  ipeclal  transformers,  ozone  detector,  bilge  alarm. 

(4)  E.g..  oompreaior  Initailed  to  support  MSD  operation, 

(8)  Incinerator  related  Items  (pot)  obtainable  from  manufacturer  only, 
(0)  Fire  fighting  equipment!  ventilation. 

(7)  Bilge  alarm  may  be  required. 

(8)  Ozone  detector, 
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M/E 
Factor/ 
Subfiocor 
Idem.  No. 


MSD  EFFECTIVENESS  ATTRIBUTE  DATA 
M/E  IV  - PERSONNEL  SAFETY 

SAFETY 


Sheet 


Idem,  No.  Characteristics  Subsystem  Subsystem 

11  Hazard  of  contact  with/spillage  of  toxie/dangerout  substances^  due  to  MSD  ^ |lI!^jj 

Inherent  design 

L - Likelihood  of  hazard  I 

(a)  No  chance 

(b)  Highly  unlikely  b b 1 

(c)  Fair  to  even  chance  ( 

4 

S - Severity  of  hazard  ! 

(a)  No  resultant  Injury.  a | i 

(b)  Reiulti  in  injury  of  low  to  moderate  severity  requiring  first  aid  w limited  b | 

i medical  treatment.  I 

Results  In  severe  lt|Jury_or  death. I 

C - Hazard  correction  | 

(a)  Hazardous  situation  can  be  easily  corrected.  a a i 

(b)  Hazardous  situation  is  difficult  to  correct, 

_____  (c)  Hazardous  situation  cannot  be  corrected.  , 

(1)  Examples i 

. Leakage  of  fumes  from  Incinerator  into  adjacent  berthing  ond  working  spaces. 

. Hydrogen  sulfide  (a  toxicant)  may  be  generated  in  sewage  holding  tanks. 

. Fresh  water  connections  to  MSD  subsystems  have  a potential  for  contaminating  the  vessel's  potable  water  supply 
with  toxlc/dangcrous  substances. 

. Sewage  contamination, 

.,  The  following  pathogens  may  be  transmitted  through  sewage. 

- Tetanus  (bacteria) 

* Typhoid  (bacteria) 

- Dysentery  (bacteria) 

- Cholera  (bacteria) 

- Hepatitis  (virus) 

• PoUo  (virus) 

, , Possible  methods  of  infection  (a  healthy  person  may  be  a carrier!  infection  hazard  depends  on  a person's 
reals  tanoe). 

• Oral  (from  hands  while  smoking  or  earing)  - the  most  common  method  of  transmitting  enteric 

(Intesrinsl)  diseases. 

* Through  breaks  in  skin  (cuts,  abrasions,  sores). 

- Eyes  and  nose  (form  hands), 

(2)  Only  by  contact  with  sewage  in  commodes. 

(3)  . Centrifuge  is  hilly  enclosed  ■ no  change  of  contact  with  sewsge. 

. If  end  of  vent  line  for  ozone  generator  it  on  deck  and  wind  is  blowing  in  direction  of  personnel,  ozone  may  irritate 
mucous  membranes  of  respiratory  tract. 


m 


Attribute  Data 


Treat.  /Disposal 
Subsystem 


(•t) 

Hazard  of  contact  due  with/ spillage  of  toxlc/dangerous  substances'  due  to 
procedural  ertor/ equipment  failures  of  MSD 

1.  - Likelihood  of  hazard 

(a)  No  chance 
I (b)  Highly  unllkoly 
I (c)  Pair  to  oven  chance 

£1).  Highly  likely 

S - Severity  of  hazard 


, (a)  No  resultant  injury, 

; (b)  Results  in  Injury  of  low  to  moderate  severity  requiring  first  aid  or  limited 
! medical  treatment, 

( Results _in_« overo .Injurj^or  d oath . 

C - Hazard  correction 


(a)  Hazardous  situation  can  be  easily  corrected, 

(b)  Hazardous  situation  is  difficult  to  correct, 

(c)  Hazardous  situation  cannot  be  corrected. 


(l)  Examples; 

. Leakage  of  fumes  from  Incinerator  Into  adjacent  berthing  and  working  space*. 

. Hydrogen  sulfide  (a  toxicant)  may  be  generated  In  sewage  holding  tanks. 

. fresh  water  connccrloni  to  MSD  subsystems  have  a potential  for  contaminating  the  vessel's  potable  water  supply 
with  toxlc/dungcrous  substances. 

. Sewage  contamination. 

. . The  following  pathogens  may  he  transmitted  through  sewage. 

* Tetanus  (bacteria) 

- Typhoid  (bucterln) 

- Dysentery  (bacteria) 

- Cholera  (bacteria) 

- Hepatitis  (virus) 

- Polio  (virus) 

. . Possible  mcdiods  of  infection  (u  healthy  person  may  be  a carrion  Infection  hazard  depends  on  a person's 
resistance). 

- Oral  (from  hands  while  smoking  or  eating)  - the  most  common  method  of  transmitting  enteric 

(Intestinal)  diseases. 

- Through  breaks  In  sldn  (cuts,  abrasions,  sores). 

- Eyes  and  nose  (from  hands). 


(2)  If  commode  breaks  or  if  there  Is  leakage  from  lnfluont  surge  tanks  and  pumps. 

(S)  . Sludge  food  tank  overflow. 

. Wet  ash  from  Incinerator.  If  Incinerates  does  not  bum  input  completely. 

. Leakage  of  Aimes  from  incinerator  possible. 

(4)  . Since  equipment  Is  complex,  It  may  be  reassembled  lneonectly  more  readily  than  less  complex  equipment, 
. Ozone  generator  may  malfunction  and  pour  ozone  into  the  air. 

(5)  Hydrogen  sulfide  may  bo  generated  In  sludgo  lioldlng  tank. 
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. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


MSD  GRUMMAN 

M/E 

PActot/ 

Subfactor 

ldcnt,  No.  


IV  - PERSONNEL  SAFETY 


SAFETY 


Characteristics 


Hazard  of  explosive  potential  for  operator/malntainer  due  to  Inherent  MSD 
design 

L - Likelihood  of  hazard 

(a)  No  chance 

(b)  Highly  unllkoly 

(c)  Fair  to  even  chance 

- 

S - Severity  of  hazard 


Sheet 


SAFETY 

Attribute  Data 

Collect. /Trnnsp,  Treat. /Disposal 
Subsystem  Subsystem 


(a)  No  resultant  injury. 

(b)  Results  in  injury  of  low  to  moderate  severity  requiring  first  aid  or  limited 

medical  treatment. 

icL  J.nJLvi  - i'iiHIL0!  l^l1' 


C - Hazard  correction 

(a)  Hazardous  situation  can  be  easily  corrected. 

(b)  Hazardous  situation  is  difficult  to  correct, 

(c)  Hazardous  situation  cannot  be  corrected. 

Hazard  of  explosive  potential  for  opera tor/malntalner  due  to  procedural  errors/ 
equipment  failures  of  MSD 

L.  - Likelihood  of  hazard 

(a)  No  chance 

(b)  Highly  unlikely 

(e)  Fair  to  even  chance 



S - Severity  of  hazard 

(a)  No  resultant  Injury, 

(b)  Results  in  injury  of  low  to  moderate  severity  requiring  first  aid  or  limited 

medicAl  treatment. 

_fc^_Resu U*_m  sevcre_lnjur^  orjlcath. _ _ _ 

C - Hazard  correction 


(2)  (1) 


(a)  Hazardous  situation  can  be  easily  corrected. 

(b)  Hazardous  situation  is  difficult  to  correct, 

(c)  Hazardous  situation  cannot  be  corrected. 


JL — 

(1)  incinerator  mot  fuel  oil. 

fd)  If  influent  surge  tank  goes  septic  and  metliane  gas  Is  generated. 


Jaw 

•v.iwi - . nvn  -v 
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MSD  EFFECTIVENESS  ATTRIBUTE  DATA 
M/E  IV  - PERSONNEL  SAFETY 


i 
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MSD  GRUMMAN Sheet  4 of 


M/E 

Factor/ 

SAFETY 

SAFETY 

Attribute  Data 

Subfactor 
Idem.  No. 

Characteristics 

Collect. /Ttansp.  Treat. /Disposal 
Subsystem  Subsystem 

31 

Hazard  of  fire  ignition  potential^  due  to  Inherent  MSD  design 

With  1 Holtlfng 
Uicln,  , Tank 

1,  • Likelihood  of  hazard 

(2,3)  j (8) 

(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chance 
(4)  Highly  likely 

A 

1 

1 a 
b | 

1 

L 

S - Severity  of  hazard 

(a)  No  resultant  Injury. 

(b)  Results  In  Injury  of  low  to  moderate  severity  requiring  first  afr  or  limited 

medical  treatment, 

Jc)  Results  In  severe  lnjrry  or  death. 

a 

1 

S a 

b 1 

1 

C - Hazard  correction 

— j 

i 

(a)  Hazardous  situation  can  be  easily  corrected. 

(b)  Hazardous  situation  is  difficult  to  correct. 

(c)  Hazardous  situation  cannot  be  corrected. 

a 

„ i 0 

b | 

1 

3d 

Hazard  of  ftro  ignition  potential^  due  to  procedural  cnrors/cqulpment  failure  of 
MSD 

(4) 

0.0)  j (5) 

L - Likelihood  of  hazard 

(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chance 

(d)  Highly  likely 

h 

1 b 

o 1 

1 

S - Severity  of  hazard 

1 

1 | 

(a)  No  resultant  injury 

(b)  Results  in  Injury  of  low  to  muderate  severity  requiting  first  aid  or  limited 
Results  In  severe  injury  or  death, 

b 

A 

G - Hazard  correction 

- J- 
i 

(a)  Hazardous  sttutation  can  be  easily  corrected, 

(b)  Hazardous  situation  Is  difficult  to  correct. 

(c)  Hazardous  situation  cannot  be  corrected, 

b 

i 

1 a 

b 1 

(1)  011  u»ed  for  flushing  is  not  flammable  under  ordinary  condition!.  However,  at  high  temperature!,  e.g.,  In  the 
ptesenco  of  a fire,  It  will  support  combustion, 


(B)  At  low  concentration!,  ozone  not  combustible, 

(8)  Due  to  Incinerator  use  of  fuel  oil. 

(4)  If  influent  surge  tank  goes  septic  and  methane  gas  Is  generated. 
(4)  . Motor  may  overheat 

. Electrical  lire. 
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M/E  IV  - PERSONNEL  SAFETY 


MSD  GRUMMAN Sheet  5 0f  6 


M/E 
Factor/ 
Subfactor 
Ident.  No, 

SAFETY 

Characteristics 

SAFETY 

Attribute  Data 

Collect.  /Transp.  Treat.  /Disposal 
Subsystem  Subsystem 

4 

Haeard  of  electrical  shock  potential  ^ for  operator/malntalner  of  MSD 

1 With 

With  | Holding 
Inoln.  i Tank 

L • Likelihood  of  hazard 

(3)  | (3) 

(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chance 

(d)  Highly  likely 

b 

1 

b 1 b 

1 

1 

) 

S - Severity  of  hazard 

i 

(a)  No  resultant  Injury. 

(b)  Results  In  Injury  of  low  to  moderate  severity  requiring  first  aid  or  limited 

medical  treatment, 

(c)  Results  In  severe  Injury  or  death. 

b 

1 

I 

1 

b | b 

1 

C * Hazard  correction 

. _ 

1 

(a)  Hazardous  situation  can  be  easily  corrected. 

(b)  Hazardous  situation  Is  difficult  to  correct, 

(c)  Hazardous  situation  cannot  be  corrected. 

a 

a a 

1 

51 

Physical  hazards  associated  with  MSD  due  to  sharp  edges^ 

| 

L » Likelihood  of  hazard 

1 

(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chance 

(d)  Highly  likely 

a 

a ' a 

1 

! 

1 

1 

S * Severity  of  hazard 

1 

1 

(a)  No  tcsultant  Injury, 

(b)  Results  in  Injury  of  low  to  moderate  severity  requiring  first  air  or  limited 

medical  treatment, 

(c)  Results  in  severe  injury  or  death, 

a 

n \ a 

i 

i 

i 

C « Hazard  correction 

1 ■ - ii-  h 

1 

(a)  Hazardous  situation  can  be  easily  corrected, 

(b)  Hazardous  situation  is  difficult  to  correct, 

(c)  Hazardous  situation  cannot  be  corrected. 

a 

a a 

1 

1 

(1)  Electrio  shock  may  retult  In  severe  bumi  and/or  death)  In  addition,  reaction  to  electric  shock  may  oaaue  affected 

Individual  to  be  duown  uilde,  poatlbly  objecting  him  to  severe  impact  Injuries  and/or  contact  with  sharge  edges/hot 
.urfacei. 

(2)  Combined  effect  of  Injury  due  to  sharp  edges/polnut  and  sewage  contamination  may  Introduce  harmful  pathogens  Into 

the  bloodstream  of  an  affected  Individual , 

(3)  Interlock  on  ozone  generator  door  may  not  operate. 


3 ■! 

1 ■ 

1 

I \ 
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MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


M/E 
Factor/ 
Subfactor 
Went,  No. 


Sheet  6 of  6 
SAFETY 

Attribute  Data 

Collect. /Tramp.  Treat.  /Disposal 
Subiystem  Subsystem 


M/E  IV  - PERSONNEL  SAFI 
GRUMMAN 

SAFETY 

Characteristics 


Physical  hazards  associated  with  MSD  due  to  hot  surfaces 
L • Likelihood  of  hazard 


(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chance 

Highly  Uke  ty 

S • Severity  of  hazard 


(a)  No  resultant  injury. 

(b)  Results  in  injury  of  low  to  moderate  severity  requiring  first  aid  or  limited 

medical  treatment. 

Results  in  seveH^lnJur^ or  dearii. 

C • Hazard  correction 


(a)  Hazardous  situation  can  be  easily  corrected, 

(b)  Hazardous  situation  it  difficult  to  correct. 

(O  Hazardous  situation  cannot  be  corrected. 


Physical  hazard  for  malntainec  of  MSD  due  to  rotating  machinery 
L • Likelihood  of  hazard 


(a)  No  chance 

(b)  Highly  unlikely 

(o)  Fair  to  oven  chance 

_(d )_  _Hlghl/  likely 

S-Severityofhazaid 

(a)  No  resultant  Injury. 

(b)  Results  In  Injury  of  low  to  moderate  severity  requiting  first  aid  ot  limited 

medloal  treatment 

_{cj_JResulu  In  severe  injury  or  deadi. 

C « Hazard  correction 


(a)  Hazardous  situation  can  be  easily  corrected. 

(b)  Hazardous  situation  Is  difficult  to  correct, 
(o)  Hazardous  situation  cannot  be  corrected. 


<*>  Molecular  tieve  dryer  haa  heaters  and  has  safety  interlock  on  its  door.  If  careless,  could  touch  hot  surface. 

(2)  In  servicing  pumps. 

(3)  High  pressure  blower  is  belt  driven. 

(4)  Centrifuge  enclosed,  scoop  i»  slow,  motor  is  enclosed;  smooth  inside. 
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. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


V - HABITABILITY 


GRUMMAN 


HABITABILITY 


characteristics 


Habitability  problemsW  associated  with  bacterial  contamination  due  to  MSD 
Inherent  design 

(a)  There  is  no  bacterial  contamination  habitability  problem  due  to  MSD 

subsystem  inherent  design  features. 

(b)  There  Is  a bacterial  contamination  habitability  problem  due  to  MSD 

subsystem  inherent  desists  features. 


Habitability  problems^  associated  with  bacterial  contamination  due  to 
procedural  errors/ equipment  failures  of  MSD™ 

(a)  A bacterial  cnntamlnatlon  problem  due  to  procedural  etrors/equlpmem 

failures  of  MSD  subsystem  is  highly  unlikely. 

(b)  Procedural  errors/ equipment  failures  of  MSD  subsystem  ate  likely  to  cause 

a bacterial  oontamlpatlou  problem 

MSD  fixture  comfort 

(a)  Commodes  and  urinals  are  comfortable  and  easy  to  u.o  even  under  ship's 

motion. 

(b)  Commodes  and  urinals  ato  not  comfortable  and  easy  to  use  under  ihlp's 

motion. 


Sheet  1 1 of 


HABITABILITY 
Attribute  Data 


Treat.  /Disposal 
Subsystem 


Waste  retention  In  MSD  commode  bowl 

(a)  The  amount  of  waste  that  remains  In  the  bowl  after  flushing  Is  less  than 
I that  remaining  after  flushing  a standatd  full  water  flushed  fixture. 

' (h)  The  amount  of  wasta  that  remains  in  the  bowl  after  flushing  Is  the  suine 
as  that  remaining  after  flushing  a standard  full  water  flushed  fixture, 
(c)  The  amount  of  waste  that  remains  In  the  bowl  after  flushing  Is  mote  dun 
that  remaining  after  flushing  a standard  bill  water  flushed  fixture, 


(1)  As  distinguished  from  problems  of  health  and  safety;  likely  psychological  reactions  of  users  are  a matter  for 

consideration. 

(2)  A vacuum  waste  collection  subsystem  Is  less  likely  to  oxposo  personnel  to  sewage  in  aase  of  a line  break  than  a 

pressurized  waste  collection  subsystem;  fresh  water  connoctdons  to  MSD  subsystems  have  a potential  for  contaminating 
tho  vessel's  potable  water  supply. 
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MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


M/E  V - HABITABILITY 


MSD  GRUMMAN Sheet  2 of  3 


M/E 
Factor/ 
Subfactor 
Idem.  No. 

HABITABILITY 

Characteristics 

HABITABILITY 

Attribute  Data 

Collect.  /Trantp, 
Subsystem 

Treat.  /Disposal 
Subsystem 

24 

Likelihood  of  user  contact^  with  MSD  fixture  flushing  medium 

(a)  User  is  unlikely  to  come  Into  contaot  with  flushing  medium. 

(b)  User  is  more  likely  to  oome  Into  contaot  with  flushing  medium  than  with 

standard  water  flushed  fixture. 

a 

N/A 

25 

Appearance  of  MSD  fixture  flushing  medium 

(a)  The  color  and  general  appearance  of  the  flushing  medium  is  as  acceptable 

at  clear  water, 

(b)  The  color  and  general  appearance  of  the  flushing  medium  are  acceptable, 

but  clear  water  It  preferable. 

(c)  The  color  and  general  appearance  of  die  flushing  medium  are  not 

acceptable. 

a 

N/A 

26 

Noise  produced  in  flushing  MSD  fixtures 

(a)  The  noise  produced  in  flushing  fixture*  it  leu  than  that  of  a standard 

commode/urinal. 

(b)  The  noise  produoed  In  flushing  fixtures  it  the  ume  at  that  of  a standard 

commode/urinal. 

(c)  The  noise  produced  In  flushing  fixtures  is  greater  than  that  of  a standard 

commode/urlnal. 

b 

N/A 

31 

Odors  produced  as  a result  of  Inherent  MSD  design 

(a)  The  MSD  subsystem  produces  no  odor  as  a result  of  inherent  design. 

(b)  The  MSD  subsystem  produces  a noticeable  odor  as  a result  of  Inherent  design. 

a 

Tnotn.  I Tin  if 

.(3)  j /&) 

32 

Odors  produced  as  a result  of  procedural  errors/ equipment  failures  of  MSD 

(a)  The  MSD  subsystem  produces  no  odor  as  a result  of  procedural  error*/ 

equipment  failures. 

(b)  The  MSD  subsystem  produces  a noticeable  odor  as  a result  of  procedural 

errors/equipment  failures. 

(4) 

b 

»!'■*» 

(6.6)  | (6) 
j 

b b 

41 

Heat  generation  for  nearby  personnel^  due  to  Inherent  MSD  design 

(a)  At  a result  of  Inherent  design  features,  the  MSD  subsystem  does  not  generate 

enough  heat  to  render  its  vicinity  hotter  than  most  shipboard  areas 
containing  machinery. 

(b)  As  a result  of  Inherent  design  features,  the  MSD  subsystem  doe*  generate 

•nough  heat  to  render  Its  vicinity  hotter  than  most  shipboard  areas 
containing  machinery. 

a 

■■■•  I 

1 

1 

1 

1 

b | a 

1 

1 

1 

(1)  Due  to  flushing  medium  composition,  fixture  aestgn,  motion  of  vessel  (which  may  cause  splatter,  splash 

spillage  of  flusltlng  medium). 

(2)  For  operator/malntalner/adjacent  berthing  and  working  areas. 

(3)  . Even  with  ozone 

ng.  or 

. Odor  milder  when  treating  gray  water  only. 

(4)  . Odor  milder  when  treating  gray  water  only. 

. In  the  event  that  leakage  ocean. 

(5)  Due  to  fitel  oil  leakage!  leakage  of  lewaget  wet  aih  In  Incinerator 

(6)  If  leakage  and  ozone  odor  occur  simultaneously,  there  may  not  be  any  detectable  odor. 


u.Lf u lUuulhilU.  IL’iJ  »'  tU',  IH..U*. 
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. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


V-  HABITABILITY 


MSD  GRUMMAN 


HABITABILITY 

Characteristics 

Heat  generation  for  nearby  personnel^  due  to  procedural  errors/ equipment 
failures  of  MSD, 

(a)  The  MSD  jubiyjtem  doei  not  generate  enough  heat  at  a reiult  of 

procedural  etron/equlpment  fallurei  to  tender  iti  vicinity  hotter  than 
moit  ahlpboard  areai  containing  machinery. 

(b)  The  MSD  tubiyitem  doei  generation  enough  heat  at  a reault  of 

procedural  errors/equlpment  failure!  to  render  It*  vicinity  hotter  than 
moit  shipboard  areai  containing  machinery, 

Noiie  level  for  perionnel  in  vicinity  of  MSD  ^ 

NI  - Nolle  Index 

(a)  The  MSD  tubiyitem  it  silent  or  nearly  silent. 

(b)  Noiie  level  of  MSD  subsystem  it  approximately  equal  tn  background 

nolle  level  of  veiiel. 

(c)  The  MSD  tubiyitem  is  very  loud,  produces  comtant  noise,  drowns  out 

vessel  background  noise  in  immediate  area  of  the  syttemt  must  shout 
to  be  heard. 

Vibration  levels  for  nearby  personnel^1*  produced  by  MSD  machinery 
VI  r Vibration  Index 

(a)  MSD  lubsyitem  producei  little  or  no  perceptible  vibration  in  addition  to 

background  level  on  veiiel, 

(b)  MSD  lubiysrem  producei  perceptible  vibration,  but  limllar  to  vessel 

background. 

(c)  MSD  subsystem  produces  abnormal  or  disturbing  intensity  and/or 

frequency  of  vibration. 


7 Effect  of  MSD  on  uses  housekeeping  routlnei  (restrictions  on  uier  Imposed  by 

subsystem^), 

(a)  Subsystem  characteristics  do  not  impose  reitrlctloni  on  user. 

(b)  subsystem  characteristics  Impose  restrictions  on  user, 

( 1)  For  operator/msintalner/ adjacent  berth  and  working  areas, 

(2)  K.g.  • Must  use  water-soluble  toilet  paper  which  Is  not  as  comfortable  as  usual 

toilet  paper, 

. Must  use  special  bowl  cleaner  which  Is  less  effective  than  usual  cleaner 
, Cannot  dump  detergents  dowu  galley  sink;  must  store  and  off-load  at  shore, 

(3)  Even  with  heater  for  molecular  sieve. 

(4)  Due  to  pumps, 

(Q)  High  pressure  blower  makes  some  noise  (33-84  dbA  at  3ft.). 

(0)  , Scoop  makes  sonic  noise  (periodically,  for  10  seconds  at  a time), 

. Compressor  in  o stone  generator  not  loud. 

(7)  Centrifuge  vibratos  somewhat. 


Sheet  3 of  3 


HABITABILITY 

Attribute  Data 


Treat,  /Disposal 
Subsystem 


Writ™ 

mm 

b 

> 

'(5,6) 

(O 

b 

b 

(7) 

(7) 

b 

b 

. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


VI  - RELIABILITY 


GRUMMAN 


M/E 
Factor/ 
Subfactor 
Went.  No. 


RELIABILITY 

Characteristic! 


Sheet  I of  2 

RELIABILITY 
Attribute  Data 

Collect.  /Tramp,  Treat.  /DJjpojal 
Subsystem  Subsystem 
I With 


21 

MSD  complexity 

Complexity  index  of  MSD  subsystem  based  on  a complexity  tanking  from 

1 to  6. 

2 

With  1 Holding 
Incin.  1 Tank 

5 j 5 

23 

Extent  of  MSD  equlpment/component  redundancy^ 

(0> 

H>  I (I) 

| 

(a)  There  is  some  significant  redundancy  in  the  MSD  subsystem's  major 

1 

components. 

a 

1 A 

(b)  There  is  no  significant  redundancy  in  the  MSD  subsystem's  major 

i 

- components. 

b ! 

24  Degree  of  equipment  failure  independence^  | I 

(a)  Ttierc  it  a high  degree  of  equipment  failure  independence  In  MSD  f 

lubiyiteni.  a I 

(b)  There  is  a moderate  degrea  of  MSD  equipment  failure  independence  in  | 

MSD  subiyitom.  | 

(c)  There  is  a low  degree  of  equipment  failure  independence  in  MSD  j 

_____  subsystem,  c | o 

25  Adequacy  of  MSD  equipment  ratingi  I10)  I11  • la)|  ( 

(a)  Most  MSD  luhayitem  equlptneuu  arc  overrated,  ' 

(b)  Some  MSD  subsystem  equipment  ratings  ate  nominal,  some  are  overrated.  b 

(o)  Some  MSD  lubiyitem  equipments  are  underrated,  tome  are  nominally  , 

rated.  c i c 

(d)  Most  MSD  lubayetem  equlpmenu  ate  underrated. | 

26  Provitiom  for  fault  actuated  cut-off  niechaiiismi$)  for  MSD  protection  ( 13, 14j  ( 

(a)  There  are  manv  fault  actuated  mechanisms  in  MSD  subsystem,  or  Utey  are  | 

not  required. W a | 

(b)  There  arc  tome  fault  actuated  mechaniimi  in  MSD  lubaystcm.  b I b 

______  (c)  There  arc  no  or  almott  no  fault  actuated  mechanism!  in  MSD  lubiyitem,  I 

3 Reliability  risk  for  MSD^  | 

(a)  MSD  tubiyitctn  has  a history  of  fair  or  better  teat  results,  a 

(b)  MSD  subsystem  has  a history  of  poor  test  reiulti.  b | b 

______  (c)  No  tost  results  ate  available  for  MSD  subsystem,  | 

(1)  Any  redundancy  In  electronic  circuitry  Is  not  considered, 

(2)  l.o,,  failure  of  one  item  will  not  result  In  failure  of  major  component  or  subsystem, 

(3)  Includes  mechanisms  tot  (1)  alert  opcratnr/maintalner  to  high  stresi  ot  abnormal  conditions  that  will  result  in  failure, 

and/or  (11)  to  correct  those  conditions  or  turn  off  equipment, 

(4)  E.g, , standard  commodes  and  urinals  in  a gravity  drain  sewage  collection  subsystem  do  not  require  fault  actuated 

eut*off  mechanisms. 

(5)  E.g,,  Innovative  design,  experience. 

(6)  Fixtures,  transfer  pumps 

(7)  . Oeone  diffusers  are  all  used,  but  could  get  by  with  little  degradation  of  performance,  on  fewer  diffusers, 

. There  sre  4 ostone  tubes,  all  used,  but  could  get  by  on  fewer,  with  degraded  performance, 

footnotes  continued  on  following  pace.  224 
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(8)  . If  the  high  pressure  blower  fails,  the  Incinerator  cannot  operate. 

. If  motorized  3-way  valve  fails, may  get  Just  a spill  from  sludge  feed  tank.  If  valve  locks  open, could 
incinerator  lining  to  fail,  ' ~~ 

(8)  . If  basket  centrifuge  fails,  reactor  column  may  get  plugged  up. 

. If  scoop  fails,  centrifuge  performance  maybe  degraded  to  point  where  no  solids  separation  occurs. 

. If  ozone  generator  fails,  performance  of  ozone  column  may  degrade  significantly. 

(10)  Some  pumps  may  be  overrated. 

(11)  Incinerator! 

Adequate-sludge  pump  and  high  pressure  bloweri  underrated  - motorized  valve, 

(12)  , Basket  centrifuge  overrated, 

. Peed  pump  overrated  (now  uses  gear  reducer  to  reduce  its  speed), 

. Centrate  pump  overrated, 

. Ozone  generator  and  air  compressor  adequate, 

(13)  Fire  eye,  overtemperature  switch. 

(14)  High  level  sensors:  fail  safe  for  equipment  upstream  of  senior. 
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MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


M/E 


VII  ■ MAINTAINABILITY 


MSD 


GR.'MMAN 


Sheet  1 of  2 


WE 
Factor/ 
Subfactor 
Ident.  No. 

MAINTAINABILITY 

Characterlidci 

MAINTAINABILITY 
Attribute  Data 

Collect. /Tramp, 
Subiyttem 

Treat.  /Dlipoial 
Subiyitem 

131 

AcoeitiblUty  of  replaceable  MSD  componenta 

(a)  High  degree  of  acoeaalblllcy  in  MSD  aubiyifem  oomponeaa, 

(b)  Moderate  degree  of  accenibiUty  In  MSD  lubiyitem  componenta. 

(o)  Low  degree  of  aeceuibility  In  MSD  lubiyitem  component!. 

a 

j with 
With  | Holding 
mein.1  Tank 
(4)  1 (4) 

1 

C k 0 

132 

Extent  of  MSD  modularization  for  cue  of  repair  /replacement 

(a)  High  degree  of  MSD  lubiyitem  modularization. 

(b)  Moderate  degree  of  MSD  lubiyitem  modularization, 

(o)  Low  degree  of  MSD  lubiyitem  modularization. 

A 

— 

mm 

133 

Degrea  of  MSD  cepalrabUlty  on  board  ve»el.M 

(a)  All  MSD  lubiyitem  itemi  ere  repairable  on  veiael. 

(b)  Some  MSD  aubiynem  Itemi  ue  repairable  on  veueli  aome  muat  be  replied. 
<o)  All  MSD  lubayitom  itemi  muit  be  replaced. 

b 

(8)  | (6) 

b b 

134 

Availability  of  manufacturer  Held  tupport  and  training  program!  for  MSD 

(a)  Manufacturer  field  lupport  end  a training  program  it  available. 

(b)  Manufacturer  field  lupport (2)  it  available  but  no  training  program  it 

available. 

(o)  Manufacturer  training  program  li  available  but  field  tupport  it  not 
available. 

(d)  Neither  field  tupport  nor  training  program  are  available  from  manufacturer. 

b 

1 

1 

b 1 b 

1 

1 

143 

Spcclal/pioptietary^  item  requirement!  for  MSD  equipment  repair 

(a)  No  ipeclal  lterm  required  for  iny  MSD  lubiyitem  repaid. 

(b)  Some  ipeclal  itemi  required  for  tome  MSD  lubiyitem  repaid. 

(a)  All  ltemt  required  for  MSD  lubiyitem  repaid  ue  ipeclal  itemi. 

a 

■ 

(1)  Venui  neceiUty  for  replacement  of  failed  equipment. 

(2)  May  include  acme  limited  training  tupport  during  initial  MSD  ImuUation. 

(3)  E.g,,  Incinerator  pen,  <11  ten  venui  itandaid  tupply  parti. 

(4)  , Centrlfoge  acoeulble, 

. Packaging  of  equipment  in  fcumewotk  lomettmct  makei  aeceit  difficult,  e.g.,  pumpi  and  tanki  ate  placed  low. 
. Difficult  to  get  inalde  ozone  generator. 

. Dtffuien  may  have  to  be  dliaaaembledt  if  they  get  plugged  up,  thia  la  not  eaiy, 

. Oeoue  tubei  tilde  out  on  taolu,  muat  then  diHonnect  wltet  to  aervloe  them. 

(8)  . Ozone  tubea  not  repaiiable. 

. High  voltage  traniformer  in  ozone  generator  it  not  repairable. 

(0)  . sludge  feed  tank  la  a formed  flberglai  tank. 

. Incinerator  pot  ipeclal. 

(7)  . Ozone  tubei  are  ipeclal. 

. ozone  reactor  column  la  proprietary, 

. Ozone  generator  hat  tome  ipeclal  parti, 

. Baiket  centrlfoge  la  ipeclal  (can  be  obtained  from  original  manufacturer  * not  orumman), 
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M/E  VII  - MAINTAINABILITY 


MSD  GRl'MMAN Sheet  2 of  2 


M/E 
“actor/ 
Subfactor 
Wont.  No. 

MAINTAINABILITY 

Characteristics 

MAINTAINABILITY 
Attribute  Data 

Collect./Ttanip, 

Subsystem 

Treat.  /Disposal 
Subsystem 

S3 

Effect  of  MSD  preventive  maintenance  on  watcliitander  routinei 

(a)  Mo  effect  on  watchitinder  routines.  ^ 

(b)  There  U tome  effect  on  witohitander  routinei. 

a 

1 With 
With)  Holding 
Tankj  Tank 

a 1 a 

33 

Spoolel  dooking  requirement!  for  MSD  overhaul! 

(a)  There  are  no  ipeoial  docking  requirement!  for  the  MSD,  ^ 

(b)  There  are  ipeoial  dooking  requirement!  for  the  MSD. 

a 

i 

A A 

4 

Logiitio  requirement!  for  MSD 

(a)  No  ipeoial  para  are  required  for  the  MSD  tubiyitem. 

(b)  Few  different  oategorlei  of  ipeoial  para  are  required  for  the  MSD 

tubiyitem  and  there  are  tow  para  in  each  category. 

(c)  few  different  categoric!  of  ipeoial  parti  are  required  for  the  MSD  tubiyitem 

but  many  para  of  eioh  type  are  required,  or  many  different  oategorlei  or 
ipeoial  para  are  requited  but  there  ore  few  para  in  each  category. 

(d)  Many  different  oategorlei  of  pira  are  required  for  the  MSD  lubiyitem  and 
there  la  a large  numbtr  of  partt  in  each  category, 

A 

i 

! 

b | b 

1 

1 

I 

1 

(1)  By  C.G.  direction,  thli  applies  to  ill  MSDs  considered  in  thii  itudy. 

I 
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GRUMMAN 

EQUIPMENT  AND  INITIAL  SPARES  ACQUISITION  COSTS 


h 

f. 

i 


i 


i 


Equipment 

Equipment  Cost* 

Cost  of  Associated 
Initial  Spates  Package* 

1 

Treatment 

i 

’ i 

Subsystem 

$25,000 

$2,500 

! i 

(Including  Controls) 

1 ^ 

Incinerator 

■ i 

Subsystem  - Thlokol 

25,000 

2,500 

’ ! .‘i 

1 

(Including  Controls) 

"i 

' ■: 

Notes: 


1.  Please  supply  cost  estimates  for  each  equipment  based  on  a production  ! 

run  of  up  to  100  units . ( 

2.  AH  oost  estimates  are  to  be  based  on  1976  costs,  ! 

3.  Identify  recommended  contents  of  Initial  Spares  Package  Associated  ; 

with  each  equipment.  ■ 
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COLLECTION,  HOLDING,  TRANSFER  (CHT)  SYSTEM 

PRINICPLES  OF  OPERATION 

A Collection,  Holding,  Transfer  (CHT)  System  provides  storage  volume 
to  receive  and  hold  wastewaters,  deferring  discharge  from  the  vessel  until 
an  appropriate  time,  It  is  a "no  discharge"  system,  It  is  the  simplest  of 
the  MSD's  considered  for  this  study  from  a processing  point  of  view.  Various 
arrangements  of  wastewaters  and  storage  tanks  are  possible  and  have  been 
considered  by  others  for  different  applications.  These  are: 

. One  tank  to  hold: 

. . Black*  water  only,  gray*  water  not  retained 

. . Black  water,  with  gray  water  while  in  port 

. . Black  water,  with  gray  water  while  transiting  between  open 
seas  and  port 

. Two  tanks:  One  tank  for  black  water  and  one  tank  for  gray  water 
as  follows: 

. . Separate  and  distinct  pump-out  facilities 
. . Common  pump-out  facilities 

. . Serial  pump-out,  i.e.,  gray  water  is  pumped  into  black  water 
tank,  from  which  both  wastewaters  are  discharged. 


CHT  systems  are  usually  thought  of  in  connection  with  standard  flush 
volumes  of  sea  water,  Supply  limitations  on  board  vessels  preclude  the  use 
of  fresh  water  with  standard  flush  commodes  and  urinals.  However,  a CHT 
tank  can  be  used  with  fresh  or  sea  water  flush  medium  in  a system  containing 


Black  water  is  synonymous  with  sewage  and  soil  wastes,  It  is  comprised 
of  human  wastes,  flush  water  and,  if  collected  separately,  wastewater 
from  a garbage  grinder  (Coast  Guu»U  poiiuy) , G»ay  walei  is  comprised  of 
wastewater  from  lavatories,  sinks,  showers,  laundry,  galley,  scullery 
and  Inside  deck  drains. 
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reduced  volume  flush  commodes  and  urinals.  One  reduced  volume  flush 
system,  using  vacuum  transport  (Jered),  requires  a separate  vacuum  tank 
for  collection,  in  addition  to  the  vented  holding  tank.  Alternately,  the  CHT 
tank  can  be  designed  as  a vacuum  tank  which  may  be  practical  where  the 
total  retention  volume  is  small. 

A functional  block  diagram  of  a Collection,  Holding,  and  Transfer 
(CHT)  System  is  presented  in  Figure  11. 


SYSTEM  DESCRIPTION 


The  black  water  tank  Is  aerated  by  bubbling  air  through  the  liquid,  in 
order  to  keep  septic  odors  from  being  generated.  Compressed  air  is  furnished 
from  the  vessel's  service  air  supply  system  or  by  a specially  installed  com- 
pressor or  high  pressure  blower.  For  purposes  of  this  study,  it  will  be 
assumed  that  compressed  air  is  taken  from  the  vessel's  compressed  air 
supply  system  (if  the  vessel  is  so  equipped). 

The  black  water  tank  is  sized  to  retain  a specified  number  of  hours 
worth  of  wastewater  flow.  The  Navy  design  goal  is  12  hours.  Coast  Guard 
vessels,  having  different  mission  profiles  from  Navy  vessels,  will  have 
design  goals  related  to  the  maximum  number  of  hours  spent  away  from  home 
port  whilo  In  restricted  waters.  The  tank  is  generally  free  of  internal 
structural  members  in  order  to  permit  effective  washdown.  A washdown 
nozzle  inside  the  tank  is  supplied  with  water  from  the  flremaln.  The  tank 
bottom  Is  sloped  toward  a sump  basin  at  the  pump  suction.  Maintenance 
access  openings  are  provided.  The  tank  is  non- pressurized,  has  a vent  to 
the  atmosphere  and  an  overflow  line . Multiple  liquid  level  sensors  are  set 
to  various  heights  (tank  volumes).  Below  are  the  set  points  prescribed  in 
a preliminary  Naval  Ships  technical  manual: 

. At  10%  of  maximum  Level,  shut  off  discharge  pump(s) 

. At  30%  of  maximum  level,  actuate  one  discharge  pump 

. At  60%  of  maximum  level,  actuate  standby  discharge  pump 

. At  85%  of  maximum  level,  actuate  alarm(s) 

Gray  water  tarks  are  similar  In  design  to  black  water  tanks,  except 
that  no  aeration  of  the  liquid  Is  necessary.  There  is  no  compressed  air 
requirement,  no  diffusers,  and  the  vent  line  need  not  extend  to  the  weather, 
deck.  Gray  water  may  bo  diverted  overboard  from  the  manifold  external  to 
the  tank,  whenever  regulations  (or  Coast  Guard  policy)  allow  It,  and  the 
manifold  is  above  the  waterline.  Such  a bypass  is  not  allowed  for  black 
water  drainage.  If  the  manifold  is  below  the  waterline,  the  gray  water  must 
enter  the  holding  tank  before  being  pumped  off  the  vessel. 
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Each  tank,  black  and  gray,  is  connected  to  two,  non-clog,  marine 
sewage  pumps  connected  in  parallel,  which  discharge  to  shore  or  barge 
through  a valved  deck  connection.  There  may  be  a total  of  two  or  four 
pumps  for  both  black  and  gray  water  tanks,  depending  upon  the  installation. 
The  pump(s)  can  alternately  discharge  to  overboard  through  a gag  scupper 
valve.  The  vessel  design  may  allow  discharge  to  one  or  both  sides  for 
either  deck  or  overboard  lines. 

Retention  of  wastewaters,  black  and/or  gray,  may  be  effacted  in  one 
or  more  tanks,  with  a practical  limit  of  no  more  than  a total  of  three  tanks 
(Coast  Guard  guideline) . Every  effort  is  taken  in  both  design,  equipment 
selection  and  operating  procedure  to  prevent  black  water  tank,  whereupon 
it  becomes  black  water. 
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M/S 
Factor/ 
Subfactor 
Ident,  No, 


12 


13 


21 
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INSTALLATION 


Characteristics 


MSD  materials  disallowed  or  not  recommended. 


(1) 


.V), 


(n)  No  disallowed  or  not  recommended  materials  present  In  MSD  subsystem, 
(b)  Some  disallowed  or  not  recommended  materials  present  In  MSD  subsystem, 

but  resultant  problems  can  bo  solved  or  compensated  for. 

(o)  Presence  of  disallowed  or  not  recommended  materials  In  MSD  subsystem 

presents  problems  with  no  feasible  solutions. 


Extent  of  additional  support  systems  ot  equipment  required  to  accommodate 

msdW 


Identification  of  support  system  requirements  for  MSD  subsystem . 


Extent  of  fixture  modifications  required  for  MSD  Installation, 


(a)  MSD  uses  standard  commodes  and  urinals. 

(b)  MSD  uses  non-standard  commodes  and  special  equipment  Is  associated 

with  die  urinals. 

(c)  MSD  uses  non-standard  commodes,  special  equipment  is  associated  with 
tho  urinals  and  each  fixture  has  additional  hook-up  requirements. 


Extent  of  flush  medium  supply  modifications  required  for  MSD  installation. 


(a)  MSD  uses  sea  water  for  flushing  fixtures. 

(b)  MSD  uses  fresh  water  for  flushing  fixtures. 

(c)  MSD  uses  a non-aquoous  for  flushing  fixtures. 


Hookup  requirements^  for  MSD  Collection /Tram  port  subsystem  Installation, 


(a) 

00 

<°> 

<d) 


MSD  uses  standard  Collcctlon/Tr, import  subsystem. 

MSD  uses  recirculating  Collection/ Iran, poet  sub'.yjtem.U1) 

MSD  uses  non-standard  and  centralized  CoUectlou/Transport  subsystem. 
MSD  uses  non-standard  and  non-ccntralized  Collcctloi'. /Transport 
subsystem.  (°) 


[Collect. /Transp. 
Subsystem 


INSTALLATION 

Attribute  Data 


Treat,  /Disposal 
Subsystem 


(1) 


N/A 


N/A 


N/A 


1 


(1) 

(2) 

(3) 


<4) 

(3) 

(0) 


As  specified  In  subchapters  J&F  of  Mcrchaut  Marino  Code  and  C.G.  MSD  regulations. 

Fot  purposes  of  this  study,  C.G,  directs  choice  (a)  for  all  MSDs. 

Examples! 

. Eire flgli ting  system  must  be  Installed  with  lnclncrotor. 

. Bilge  alarm  required  if  large  tank  Is  Installed  above  bilge. 

. Compressor  required  on  vessels  that  do  not  already  have  one. 

. Detectors  of  toxic  or  noxious  gases  should  be  Installed  with  any  system  that,  nr.  an  Inherent  design  feature,  uses 
such  gases  In  processing  wastes. 

Drain  piping!  electric  cables  fot  connecting  r utm  nodes,  M/T  pump  and  control  panel,  compressed  air,  etc. 

In  existing  gravity  drain  system. 

Includes  conversion  from  reduced  flush  vacuum  collection  to  a standard  gravity  drain  system  with  ot  without  recirculation. 


(7)  Bilge  alarm  If  required. 


-il  /.'-bii'-  »'  ■ 
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M/E 
F»ctor/ 
Subfactor 
Idem.  No. 


MSD  EFFECTIVENESS  ATTRIBUTE  DATA 

I - ADAPTABILITY  FOR 
M/t  SHIPBOARD  INSTALLATION 


INSTALLATION 

Characteristics 


232  Routing  flexibility  for  drain  piping  modifications'  1 associated  with  MSD 
Collection/Transport  subsystem  installation") 

(a)  Routing  of  MSD  Collection  /Transport  piping  is  highly  flexible. 

(b)  Routing  of  MSD  Colloction/Transport  piping  is  moderately  flexible  with  N/ 

some  restrictions. 

(c)  Routing  of  MSD  Collection/Ttansport  piping  is  highly  Inflexible. o 

233  Space  requirements  for  MSD  Colleo  don /Transport  subsystem  installation 

(a)  Space  required  for  MSD  Collectlon/Transpott  subsystem  is  llttlr.  or  no  a 

greater  than  that  required  fur  standard  Collccdi  n/Traniport  'subsystem. 

(b)  Space  required  for  MSD  Collocdon/Trniuport  subsystem  is  moderately  N/ 

Increased  over  that  required  for  standard  Collection/Transport  subsystem. 

(c)  Space  required  for  MSD  Collccdon/Transport  subsystem  it  much  greater 

than  that  required  for  standard  Collection /Transport  subsystem, 

234  Modularity  of  MSD  Colleodon/Transport  subsystem  (as  it  affects  installation). 

(a)  Collection/Transport  subsystem  is  highly  modular.  a M/ 

(b)  There  It  an  option  for  somo  decentralization  of  the  MSD  Colleodon/ 

Transport  subsystem. 

(c)  The  MSD  CoUecdon/Trauipori  subsystem  is  highly  centralized. 

235  Vent  requirements  for  MSD  Collccdon/Tranipott  subsystem  installation. 

(a)  MSD  Collccdon/Transport  sulwystcm  requlrei  no  vents.  N/ 

(b)  MSD  Collection/Transport  subsystem  requires  few  vents.  | 

(c)  MSD  Collection/Transport  subsystem  requires  many  vents. o 

(1)  Of  die  three  relevant  categories  of  touting  lines  (piping,  ventilation,  electrical),  piping  is  the  most  important  for 

assessing  case  of  MSD  Installation. 

(2)  Notes  i 

, With  gravity  drainage,  lines  mu.'r  always  slope  downward  and  require  vendng. 

. Smaller  size  linos  are  Inherently  more  flexible. 

. With  pump  or  vacuum  Collection/Transport  subsystem,  sharp  bends,  risers  and  long  runs  can  bo  accommodated 
In  piping. 


INSTALLATION 
Attribute  Data 

Collect. /Tramp, 
Subsystem 

Treat.  /Disposal 
Subsystem 

(3) 

Q 

N/A 

a 

N/A 

fl 

N/A 

$ 

0 

N/A 

(3)  Gravity  drainage  through  standard  drain  lines,  Answer  applies  to  new  installation  only:  if  standard  drain  lines  already 
installed  In  vessel,  then  (a)  appliet 

(4)  As  for  standard  drain  lines  (l.c. , all  traps  must  be  vented).  Answer  applies  to  new  installation  onlyi  if  standard  drain  lin 
already  Installed  In  vessel,  then  (a)  applies. 
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MSD  EFFECTIVENESS  ATTRIBUTE  DATA 
I - ADAPTABILITY  FOR 
M/E SHIPBOARD  INSTALLATION 


INSTALLATION 


Characteristics 


Hookup  requirements^  for  MSD  wane  Treatment/Dlipowl  subsystem 
installation 

(a)  Pipe,  duou  and/or  cable  requirements  for  the  MSD  Tteatment/Diipotal 

subsystem. are  minimal. 

(b)  Pipe,  ducts  and/or  cable  requirements  for  the  MSD  Treatment/Dlrpoial 

subsystem  are  moderate, 

(c)  Pipe,  duots  and/or  cable  requirements  for  the  MSD  Treatment/Disposal 

subsystem  are  extensive. 


Degree  of  modularity  of  MSD  waste  Trcatmcnt/Diipotal  subsystems  (as  it 
affects  Installation)^) 

(a)  MSD  Treatment  /Disposal  subsystem  it  highly  modular, 

(b)  There  it  an  option  for  some  decentralization  of  the  MSD  Treatment/ 

Disposal  subsystem. 

(c)  MSD  Treatment  /Disposal  subsystem  It  highly  centralized. 


/Q\ 

Vent  requirements  for  MSD  watte  Treatment  /Disposal  subsystem  installation1 

(a)  No  vents  arc  required  far  MSD  Tteattnant/DUposal  subsystem. 

(b)  Vents  are  required  for  MSD  Treatment/Disposal  subsystem, 


Exhaust  stack  requirements  for  MSD  waste  Treatment/Disposal  subsystem 
Installation/4) 

(a)  Exhaust  stack  not  required  for  MSD  Troatment/Disposal  subsystem, 

(b)  Small  exhaust  stack  required  for  MSD  Treatment/Disposal  suh.ysicm, 

(o)  Large  exhaust  stack  required  for  MSD  Troatment/Disposal  si  .eystorn. 


(1)  Piping  for  fuel  oil,  fresh  water,  cooling  water,  compressed  aLr,  int  (connecting  remotely  located  equipment,  overboard 
dlschaige  line,  etc  : electric  cablca  for  power  supply,  remote  par.sU,  etc, i ducting  for  ventilation,  etc. 

(2)  Decentralization  oi  components  may  requite  additional  hookups  and  piping  runs. 

(3)  Vents  that  are  only  Internal  to  the  compartment  In  which  subsystem  Is  located  are  not  considered  here. 

(4)  Notes  t 

. Electric  incinerator  requires  small  (2")  exhaust. 

. Fuel  Incinerator  requites  large  (10")  exhaust, 


(6)  Mlnlnal  liook*up  requirements. 

Overboard  discharge  piping  for  gray  water 
Compteased  air  for  black  water  system 
Electricity  for  pumps 

(6)  , Cray  water  requires  local  vent, 

. Black  water  vent  to  atmosphere,  e,g. , to  weather  deck. 
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Attribute  Data 


MSD  __ 

.MSD  EFFECTIVENESS  ATTRIBUTE  DATA 

I - ADAPTABILITY  FOR 

M/E  . SHIPBOARD. INSTALLATION 

CHT 

Sheet  __ 

4 of  4 

M/E 

Factor/ 

INSTALLATION 

INSTALLATION 
Attribute  Data 

Subfactor 
ldent.  No. 

Characteristics 

Collect,  /Transp, 
Subsystem 

Treat,  /Disposal 
Subsystem 

SB 

Eau  of  installing  MSD  support  equipment^ 

Extent  of  additional  support  equipment  required  to  accommodate  MSD 

(a)  No  additional  tupport  equipment  requited  for  MSD  subsystem. 

(b)  Some  additional  tupport 'equipment  required  for  MSD  subsystem. 

(a)  Much  additional  tupport  equipment  required  for  MSD  subsystem. 

« 

‘ W" 

b 

(1>aag!BlttL 

. Firefighting  system  muit  be  installed  with  Incinerator. 

. Bilge  alum  required  If  large  tank  it  imtallcd  above  bilge. 

. Compressor  required  on  vcaels  that  da  not  already  have  one. 

. Datccton  of  toxic  or  noxloui  gaici  ihould  be  installed  with  any  system  that,  u an  Inherent  design  feature,  uses 
such  gues  in  processing  wastes. 


(3)  Bilge  alarm  if  required. 


. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 
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MSD 


CHT 


Sheet  1 of 


M/K 
Factor/ 
Sutifactor 
Wept,.  No. 

Attribute  Dntn 

Charactetiitlci 

Collect. /Tramp, 
Subsystem 

Treat,  /Dlipoial 
Subsystem 

an 

Effect  of  peak  hydraulic  load!  In  blaek1^  water  itream  on  MSD  performance^ 

(+) 

(a)  No  significant  effect  of  black  water  peak!  on  MSD  lubiyjtem  performance. 

(b)  Effect  of  black  water  peak!  fi  of  short  duration,  with  temporary  implica- 

tion! for  MSD  lubiyitem  performance,  eaiy  to  overcome. 

(c)  Long-term  effect  of  blaok  water  peak!,  difficult  to  overcome,  with  long- 

term implication!  for  MSD  lubiyitem  performance. 

(d)  No  ability  of  MSD  lubiyitem  to  handle  black  water  peaki. 

A 

A 

312 

Effect  of  peak  hydraulic  load!  In  gray^  water  itream  on  MSD  performance  (2) 

(4) 

(a)  No  significant  effect  of  gray  water  peak!  on  MSD  lubiyitem  performance, 

(b)  Effect  of  gray  water  peaks  li  of  short  duration,  with  temporary  implications 

for  MSD  lubiyitem  performance,  eaiy  to  overcome, 

(c)  Long-term  effect  of  gray  water  peaks,  difficult  to  overcome  with  long-term 

Implications  for  MSD  subsystem  performance. 

(d)  No  ability  of  MSD  lubiyitem  to  handle  gray  water  peaki.  ' 

N/A 

C/T  for  black 
water  only 

A 

321 

Effect  of  low  flow  condition! /long  Idle  timei  in  black  water  stream  on  MSD 
performance!3) 

(5) 

(a)  No  significant  effect  of  black  water  low  flow  condidons/loug  Idle  times  on 

MSD  subiystem  performance. 

(b)  Effect  of  blaok  water  low  flow  conditions  Aong  idle  times  of  short  duration, 

with  temporary  implication!  for  MSD  subiystem  performance,  eaiy  to 
overcome. 

(c)  Long-term  effect  of  black  water  low  flow  condition! /long  idle  drnei, 

difficult  to  overcome,  with  long-term  implications  for  MSD  lubiyitem 
performance, 

(d)  No  ability  of  MSD  subsystem  to  handle  black  water  low  flow  conditions/ 

lonu  idle  timet, 

A 

A 

(1)  Include*  Initantancoui, hourly  and  daily  loadi. 

(2)  Peak  load  handling  ability  depend!  on  C/T  lubiyitem.  The  ability  of  an  MSD  which  employ!  an  influent  lurgc  tank  to 

handle  peaks  tuually  depend!  almoit  entirely  on  the  tizirtg  of  thii  tank. 

(3)  An  exatnplo  or  low  flow  condition  la  when  70/  of  tlni  otow  U not  on  board  veuel  for  a week  and  usage  rate  by 

remaining  2G"Aof  crow  li  normal.  Long  Idle  tJmei  aro  on  the  order  of  tevoral  wceki  of  vinually  no  uiage  of  MSD. 

(4)  Ability  to  !i« tidle  peaks,  if  not  full. 

(B)  If  bUck  wster  Milk  li  tented,  low  flow  and/or  lung  Idle  timet  li  nut  « problem. 
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M/E 

Pactor/ 

Subfactor 

Idem.  No. 

Characteristic! 

Attribute  Data 

Collect.  /Tramp. 
Subiyitem 

Treat.  /Dlspoial 
Subiyitem 

332 

Effect  of  low  flow  conditions  Aong  idle  dmn  in  gray  water  stream  on  MSD 
performance^1) 

(a)  No  significant  effect  of  gray  water  low  flow  conditlomAong  idle  times  on 

MSD  subsystem  performance. 

(b)  Effeot  of  gtay  water  low  flow  condltionsAong  idle  times  of  short  duration, 

with  temporary  Implication!  for  MSD  subsystem  performance,  easy  to 
overcome, 

(0)  Long-term  effect  of  gray  water  low  flow  condidoniAong  idle  times, 

difficult  to  overcome  with  long-term  implications  for  MSD  subsystem 
performance, 

(d)  No  ability  of  MSD  subsystem  to  handle  gray  water  low  flow  condidoniAong 
idle  times, 

N/A 

C/T  for  black 
water  only 

ft 

331 

Ability  of  black  water  pordon  of  MSD  to  handle  additional  personnel  (on  a 
long-term  besii)^) 

(a)  MSD  black  water  subsystem  will  haudle  additional  petaonnel  with  little  or 

no  degradation  in  performance. 

(b)  MSD  black  water  subsystem  will  handle  additional  personnel  with 
moderately  degraded  (but  still  barely  acceptable)  performance, 

(c)  MSD  block  water  subsystem  will  not  handle  additional  personnel 

t 

(4) 

b 

332 

Ability  of  gray  water  portion  of  MSD  to  haudle  additional  personnel  (on  e long- 
term basis)'3) 

(a)  MSD  gray  water  subiystem  will  handle  additional  personnel  with  little  or  no 

degradation  in  performance. 

(b)  MSD  gray  water  subiystem  will  handle  additional  perionnel  with  ntodotatcly 

degraded  (hut  still  barely  acceptable)  performance. 

(c)  MSD  gray  water  subiystem  will  not  handle  additional  perionnel. 

N/A 

C/T  for  black 
water  only 

(4) 

b 

(1)  An  example  of  low  flow  condition  li  when  70^>  of  the  crew  it  not  on  board  veaael  for  a week  and  usage  rate  by 

remaining  25%  of  crew  ts  normal.  Long  Idle  timet  are  on  the  order  of  teveral  woeki  of  virtually  no  uaage  of  MSD. 

(2)  Ketultlng  In  long-term  Inc  re  are  In  average  black  water  itream  hydraulic  loading.  The  ability  of  an  MSD  which 

employ!  a black  water  (or  iludgo)  holding  unk  to  handle  additional  perionnel  may  be  determined  by  the  ilie  of 
that  tank. 

(3)  Resulting  in  long-term  increase  In  average  gray  water  itream  hydraulic  loading.  The  ability  of  an  MSD  which  employ! 

a gray  water  (or  iludgo)  holding  tank  to  handle  additional  pcnonncl  may  be  determined  by  the  rise  of  that  tAnk. 

(4)  . Cannot  handle  additional  perionnel  am)  inert  maximum  holding  time  requirement!, 

, May  take  additional  perionnel  for  diort  time  (tank  tiled  In  man  dayi)  If  required  rank  capacity  li 

- L...  i mmdm 


accommodated  by  lnatallatlon. 
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M/E  II  - PERFORMANCE 


MSD_CHT Sheet  3 of 4 


M/E 
Factor/ 
Subfactor 
Idem.  No. 

Characteristics 

Attribute  Data 

Collect.  /Transp. 
Subsystem 

Freat,  /Disposal 
Subsystem 

41 

Ability  of  black  water  handling  portion  of  MED  to  operate  for  sustained  time 
periods 

(a)  MSD  black  water  subsystem  can  operate  for  Indefinite  period  of  rime  If  no 

components  fall.U) 

(b)  MSD  black  water  subsystem  can  operate  for  only  limited  period  of  time, 

even  If  no  components  fall.P) 

A 

b 

42 

Ability  of  gray  water  handling  portion  of  MSD  to  operate  for  sustained  rime 
period 

(a)  MSD  gray  water  subsystem  can  opotato  for  Indefinite  period  of  time  If  no 

components  fnll.U) 

(b)  MSD  gray  water  subsystem  can  operate  for  only  limited  period  of  rime, 

even  If  no  components  fall/2) 

N/A 

C/T  for  bliok 
water  only 

b 

El 

Ability  of  MbD  to  handle  ground  garbage  in  black  water  stream 

(a)  MSD  black  water  subsystem  will  handle  ground  garbage  In  black  watet 

stream  on  a long-term  basis. 

(b)  MSD  black  water  subsystem  will  handle  ground  garbage  In  blaok.  watet 

sttoam  on  at  least  a short- term  basis. 

(c)  MSD  black  water  subsystem  will  not  handle*  ground  garbage  In  black  water 

stteam. 

A 

A 

62 

Ability  of  MSD  to  handle  foreign  niatcrials/objr.cts^  In  black  water  stream 

(a)  MSD  subsystem  will  handle  foreign  matcrials/objecta  in  black  watur 

stroam  on  a long-term  basis. 

(b)  MSD  subsystem  will  handle  foreign  matcrlals/objccts  in  black  water 

stream  on  at  least  a short-term  basis, 

(c)  MSD  subsystem  will  not  handle  foreign  niAterials/objects  in  black  water 

stteam, 

A 

(4) 

A 

(1)  Applies  to  a T/D  subsystem  with  an  Inclncrotor. 

(2)  Applies  to  a T/Daub»yitctn  without  an  Incinerator. 

(3)  Examples* 

. Long,  narrow  objects  (pens,  pencils,  toothpicks,  etc.) 

. Small  hurl  objects  (nut  sltolls,  pull  tab  from  a lllp  top  can,  bottle  caps,  paper  clips,  coins,  nuu/bolts/ 
wtcwt/ualls,  cufflinks,  etc.) 

, Largo  soft  objects  (paper  towch,  newspaper  page,  stiff  and  shiny  magazine  page,  strings  from  a floor  mop, 
rag,  tampons  and  sanitary  napkins,  etc.) 


(4)  A rag  could  plug  up  pumps. 
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MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


II  - PERFORMANCE 


Ability  of  MSD  to  handle  detergents/surfactants  In  black  water  itream  on  a 
long-term  hull. 

(a)  MSD  subsystem  will  handle  dotetgcnti/iurfactants  In  black  skater  itrcant 
on  a long-torm  basis, 

(l>)  MSD  subsystem  will  handle  dctergonti/iurfactanti  In  black  water  stream 
on  at  least  a short-term  basis. 

(o)  MSD  subsystem  will  not  handle  dutorgunts/sutfaotants  In  black  water  stream. 


Ability  of  MSD  to  handlu  materials  In  blui k water  stream 

(a)  MSD  subsystem  will  handle  toxic  materials  In  black  cuter  stream  on  a 
long-term  basis, 

(h)  MSD  subsystem  will  hAndle  toxic  materials  in  black  water  scream  on  at 
least  a short-term  basis, 

(o)  MSD  subsystem  will  handle  toxic  materials  tn  black  water  stream. 


Ability  of  MSD  sccondury  emissions  to  meet  applicable  standards  for 
the  discharge  of  air  pollutants 

(n)  No  possibility  of  discharge  of  significant  air  pollution  from  MSD  subsystem, 

(b)  MSD  subsystem  will  moot  standards  for  alt  pollutants  under  normal  oper- 
ating conditions. 

(o)  MSD  subsystem  will  meet  standards  for  air  pollutants  under  normal  oper- 

ating conditions  and  there  Is  a strong  possibility  of  non-confotmancu  to 
standards  under  unusual  operatin'’  conditions. 


Ability  of  MSD  secondary  emissions  to  meet  applicable  standards  for 
disposal  of  oU-comamlnatcd  residues  at  sea 

(a)  MSD  subsystem  has  tio  potential  for  producing  oil-contaminated  residues 

at  sea, 

(b)  MSD  subsystem  lias  a potential  for  producing  oll-conta minuted  residues 

at  sea. 


Performance  risk  for  black  water  handling  portion  of  MSD 

(A)  MSD  black  water  subsystem  has  a history  of  fair  or  better  test  results. 

(b)  MSD  black  water  subsystem  has  a history  of  poor  test  results. 

(c)  No  test  results  are  available  for  Urn  MSD  black  water  subsystem. 


Performance  risk  for  gray  water  water  handling  portion  of  MSD 


Sheet  4 of  4 


Attribute  Data 


ollect./Ttansp,  Treat,  /Disposal 
Subsystem  Subsystem 


(1) 


N/A 

C/T  for  black 
water  only 


(n)  MSD  gray  water  subsystem  luis  a history  of  fait  or  better  test  results. 

(b)  MSD  gray  water  subsystem  has  a history  of  poor  test  results, 

(c)  No  test  results  are  available  lor  die  MSD  gray  water  subsystem. 

(1)  hots  of  detergents  will  cause  fosmlngi  in  in  extreme  case,  same  foam  may  excape  through  vent. 

(2)  . Remote  possibility  of  venting  bacteria;  no  standards  prohibit  this,  however . 

(3)  May  discharge  kitchen  grease  In  gray  water. 
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. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 
M/E  - III  - OPERABILITY 


MSD  CHT Sheet  1 of  2 


M/E 

Factor/ 

Subfactor 

Identic, 

OPERABILITY 

Characteristics 

OPERABILITY 
Attribute  Data 

Collect.  /Transp, 
Subsystem 

Treat,  /Disposal 
Subsystem 

11 

Degree  of  automation  for  MSD  operation  W 

(a)  MSD  subsystem  is  almost  fully  automatic. 

(b)  msd  subsystem  is  seml-sutoihatlo;  requires  infrequent  operator 

attention, 

(o)  MSD  subayitem  is  semi-automatic;  requires  a moderate  degree 
of  operator  attention, 

(d)  msd  subsystem  is  semi -automatic)  requires  frequent  operator 

attention. 

(e)  MSD  subsystem  is  operated  manually, 

a 

(4) 

b 

12 

Ease  of  disposal  of  MSD  residue 

(a)  MSD  subsystem  has  no  residues,  or  disposal  of  residues  from  MSD 

subsystem  is  very  convenient. 

(b)  Disposal  of  residues  from  MSD  subayitem  it  moderately  convenient, 

(o)  Disposal  of  residues  from  MSD  subsystem  is  inconvenient. 

a 

(5) 

b 

14 

Likelihood  of  violating  r ffuent  standards  because  of  procedural  errors  in  MSD 
operation.  Is) 

(a)  There  it  virtually  no  chance  of  violating  effluent  standards  because  of 

procedural  errors  in  MSD  operation. 

(b)  There  Is  a low  likelihood  of  violating  effluent  standerds  because  of 

procedural  errors  in  MSD  operation, 

(o)  There  is  a fair  to  moderate  chance  of  violating  effluent  standards  because 
of  procedural  errors  In  MSD  operation. 

(d)  There  is  a high  likelihood  of  violating  effluent  standards  because  of 
procedural  errors  in  MSD  operation. 

a 

(0) 

b 

23 

Skill  level  requirements  for  operstor  of  MSD 

MSD  subsystem  complexity  ranking  from  1 to  S 

i 

1 

24 

Training  requirements  for  operator  of  MSD 

MSD  subsystem  oomplejdty  ranking  from  1 to  S 

i 

1 

(1)  Residue  to  any  by-product  of  normal  MSD  operation,  disposal  of  which  ti  regular  operating  talk,  Examples  are  aih 
produced  by  an  Incinerator,  teal  water  uied  by  vacuum  pumpi,  wastewater  or  iludge  held  in  a tank,  evaporator 
reiidue,  etc. 

(5)  Length  of  time  requited  for  disposal  is  the  main  factor  considered)  other  factors  are  ease  of  access  of  area  of  MSD 

containing  the  residue,  amount  of  residue  to  be  disposed  of,  and  ease  of  storing  residue  on  board  or  taking  if  off 
vessel,  as  appropriate, 

(3)  By  dumping  overboard  effluent  which  doesn't  meet  standards,  flush  oil,  evaporator  residue,  air  pollutants  torn 

Incinerator,  eto. 

(4)  Discharge  requires  operator  attention, 

(6)  , Wash  down  of  tank  required, 

. Navy  hat  installed  rinse  nozzles  in  tank, 

(fl)  Start  discharge  pump  at  wrong  time. 
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. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


6- 

I;  S 


I 


M/E , 


III  - OPERABILITY 


MSD 

CHT 

Sheet  __ 

2 of  2 1 

M/E 

Factor/ 

OPERABILITY 

* OPERABILITY 
Attribute  Data 

j 

k 

? 

Subfactor 
Went.  No. 

Characteristics 

— 

EggS 

s 

l 

\ 

26 

Effect  of  MSD  operation  on  vessel  work  routine*/ tahedules 

(a)  MSD  operation  hat  minimal  or  no  effect  on  work  routines/ schedules,  ^ 

(b)  Effect  of  MSD  operation  on  work  routines/ schedules  is  more  than 

minimal (1. e. , It  moderate  or  extensive), 

a 

a 

32 

Availability  of  specialized  or  unique  consumables/  expendables  required  for 

MSD  operation 

* 

(a)  No  specialized  or  unique  consumables  or  expendables  required  for  MSD 

subsystem  operation. 

(b)  Any  specialized  or  unique  consumables  or  expendables  required  for  MSD 

subsystem  operation  are  available  from  ship's  inventory. 

(c)  Any  specialized  or  unique  consumables  or  expendables  required  for  MSD 

subsystem  operation  an  available  from  Federal  Stock  System. 

(d)  Any  specialized  or  unique  consumables  or  expendables  required  for  MSD 

subsystem  operation  an  available  from  a commercial  source. 

a 

A 

33 

Operating  requirements  for  special  or  unique  MSD  support  equipment 

(5) 

(a)  No  special  ot  unique  support  equipment  required  by  MSD  subsystem. 

(b)  Some  special  or  unique  support  equipment  required  by  MSD  tubtyitomi 

equipment  requires  only  minimal  and  Infrequent  attention*2)  to  keep 
operational. 

(c)  Some  special  or  unique  support  equipment  tequired  by  MSD  subsystem) 

requites  more  than  infrequent  attention  to  keep  operational, 

a 

a 

! 

i 

i 

(1)  By  C.C.  direction,  (a)  appllei  to  all  MSDi  conildered  In  thli  itudy. 

(2)  No  more  frequently  than  weekly  with  a duration  not  greater  than  10  mlnuteat  or  more  frequently  than 

semi-annually  with  a duration  of  2 hours. 

(3)  E.g.,  firefighting  equipment,  special  tramfbrmen,  ozone  detector,  bilge  alarm. 

(4)  E.g.,  compreiior  Installed  to  support  MSD  operation. 

(6)  , Might  want  combuitiblo  vnpot  detector  far  black  water  system  (hot  wire  fllamont  type  with  temperature  sensor), 
. Bilge  alarm  may  be  required. 
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MED  EFFECTIVENESS  ATTRIBUTE  DATA 


M/E 


IV  - PERSONNEL  SAFETY 


MSD_ 

CHT 

Sheet  ___ 

JL _°f S 

\ 

M/E 

Factor/ 

SAFETY 

SAFETY 

Attribute  Data 

Subfactor 
Idem,  No, 

Characteristics 

Collect. /Transp. 
Subsystem 

Treat,  /Disposal 
Subsystem 

i- 

11 

Hazard  of  contact  with/ spillage  of  toxic/dangeroui  substances*'1*  due  to  MSD 
Inherent  design 

(2) 

P* 

* 

r 

L - Likelihood  of  hazard 

(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chanoe 

(d)  Highly  likely 

b 

a 

i 

i 

i. 

t' 

S - Severity  of  hazard 

(a)  No  resultant  Injury, 

(b)  Results  In  Injury  of  low  to  moderate  severity  requiring  first  aid  or  limited 

medical  treatment, 

(c)  Results  in  severe  injury  or  death. 

b 

a 

i 

C - Hazard  correction 

(a)  Hazardous  sitjutloii  can  be  easily  corrected, 

(b)  Hazardous  situation  Is  difficult  to  correct. 

(c)  Hazardous  situation  cannot  be  corrected. 

a 

a 

(1)  Examples; 

. Leakage  of  ftunci  from  incinerator  Into  adjacent  berthing  and  wotldng  spaces. 

. Hydrogen  tulllde  (a  toxicant)  may  bo  generated  in  sewage  lidding  tanks. 

. Fresh  water  connections  to  MSD  subsystems  have  a potential  for  contaminating  the  vessel's  potable  water  supply 
with  toxic/dangerous  substances. 

. Sewage  contamination. 

, The  following  pathogens  may  bo  transmitted  through  sewage. 

- Tetanus  (bacteria) 

- Typhoid  (bacteria) 

■ Dysentery  (bacteria) 

■ Cholera  (bacteria) 

- Hepatitis  (virus) 

■ Folio  (virus) 

. . Possible  methods  of  Infection  (a  healthy  person  may  be  a carrier)  infection  hazard  depends  on  a person's 
resistance). 

- Oral  (from  hands  while  smoking  or  eating)  - the  most  common  method  of  transmitting  enteric 

(lntesHnal)  diseases. 

- 'Through  breaks  in  skin  (cuts,  abrasions,  sores), 

- Eyes  and  nose  (form  hands). 


0*1)  only  by  contact  with  sewage  in  commodes. 


j -■ 

> I 


! : 


I 

ft-/ 
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M .-.I!)  EITECTIVENESS  ATTRIBUTE  DATA 
M/,.  [V  - PERSONNEL  SAITTY 


& 


f 

I- 


MSI) CHT Sheet  __2 oF 6 


M/E 
lactor/ 
Snbfactor 
(clone.  No. 



Attribute  Data 

Characteristic! 

Collect. /Transp. 
Subsystem 

Treat,  /Disposal 
Subsystem 

I« 

Hazard  of  contact  due  with/ spillage  of  toxlc/dangerous  substances^  due  to 
procedural  error/ equipment  failures  of  MSD 

(2) 

0) 

L - Likelihood  of  hazard 

(a)  No  chance 

(b)  Highly  unlikely 

(o)  Hair  to  even  chance 
(d)  Highly  likely 

b 

b 

S - Severity  of  hazard 

(a)  No  resultant  injury, 

i (b)  Results  in  injury  of  low  to  moderate  severity  requiring  first  aid  or  limited 
> medical  treatment. 

(o)  Results  lit  suvuro  Injury  or  death. 

b 

a 

| C » Hazard  correction 

' (a)  Hazardous  situation  can  be  easily  corrected, 

(b)  Hazardous  situation  is  difficult  to  correct, 

1 (c)  Hazardous  situation  cannot  he  corrected, 

0 

A 

(l)  Examplesi 

, Leakage  of  fumes  from  incinerator  Into  adjacent  berthing  and  working  spaces. 

, Hydrogen  sulQdo  (a  toxicant)  may  bo  generated  in  wwago  holding  tanks. 

. Kroalt  water  connections  to  MSD  subsystems  liova  n jxstentlal  for  contaminating  tlio  voiiel’a  potable  water  lupply 
with  toxioAlatigcroiu  substances, 

. Sewage  coiitn  i nlnution. 

. • The  following  pathogeni  may  lie  trantmitted  through  sewage. 

- Tetanui  (bacteria) 

- Typhoid  (bacteria) 

- Dysentery  (bacteria) 

- Cholera  (bacteria) 

- Hepatitis  (vtnu) 

- I’olio  (virus) 

. . Possible  methods  of  infection  (a  healthy  person  tnay  bo  n carrier)  lnfccdon  hazard  depends  on  a person's 
resistance), 

* c*al  (from  hand!  white  smoking  or  eating)  - the  most  common  method  of  transmitting  enteric 

(intestinal)  diseases. 

- Through  breaks  In  skin  (cuts,  abrasions,  sates). 

* byes  and  nose  (from  hand!). 


(2)  If  commode  breaks 

(3)  . Overfilling  tsnk  may  reiult  in  backup  of  lewagc 

. Hydrogen  sulfide  may  he  generated  in  sewage  holding  tank, 
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. MSD  EFFECTIVENESS  ATTRIBUTE  DATA 
]yt/E  IV  - PERSONNEL  SAFETY  


Sheet 


(1)  , If  aeration  fatli,  black  water  tank  may  go  icptic  anti  produce  exploilve  gaici, 

. Might  imtall  air  iciuor 

. If  dlfflucn  are  clogged,  tlicy  can  readily  be  pulled  up  out  of  tank  for  cleaning. 


MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


IV  - PERSONNEL  SAFETY 


SAFETY 

Characteristics 


Hazard  of  fire  Ignition  potential  due  to  inherent  MSD  design 
L - Likelihood  of  hazard 

(a)  No  chance 

(b)  Highly  unlikely 

(c)  Pair  to  even  chance 

_ _ __ 

S - Seventy  of  hazard 

(a)  No  resultant  Injury, 

(b)  Results  In  Injury  of  low  to  moderate  severity  requiring  first  air  or  limited 

medical  treatment, 

Jcj_ResuUs_ln  severe  Injtr^  or  death. 

C - Hazard  correction 


(a)  Hazardous  situation  can  be  easily  corrected. 

(b)  Hazardous  situation  it  difficult  to  correct, 
c)  Hazardous  situation  canrlot  be  corrected. 


Hazard  of  fire  ignition  potential*15  due  to  procedural  errors/equipment  failure  of 
MSD 

l - Likelihood  of  hazard 

(a)  No  chance 

(b)  Highly  unlikely 

(c)  Pair  to  even  chance 
Jd}_  Hl^hly_Ukoly 

S - Severity  of  hazard 

(a)  No  resultant  injury, 

(b)  Results  In  Injury  of  low  to  moderate  severity  requiting  first  aid  or  limited 
Jcj^Results  in  severe  injury  or  death. 

C • Hazard  correction 


(a)  Hazardous  situtation  can  be  easily  corrected. 

(b)  Hazardous  situation  is  difficult  to  correct. 

(c)  Hazardous  situation  cannot  be  corrected. 


(1)  Oil  used  for  flushing  la  not  flammable  under  ordinary  conditions.  However,  at  high  temperatures,  e.g.,  in  the 
presence  of  a Arc,  it  will  support  combustion. 


If  aeration  falls,  black  water  tank  may  go  septic  and  produce  explosive  gates. 
Might  install  air  tensor. 

If  diffusers  arc  clogged,  they  can  readily  be  pulled  up  out  of  tank  for  cleaning. 


SAFETY 

Attribute  Data 


ollect, /Transp,  Treat. /Disposal 
Subsystem  Subsystem 


f 

la  • 

1 

ff 

1 

t 

It* 

MSD  EFFECTIVENESS  ATTRIBUTE  DATA 

A 

l 

r 

M/E  IV  - PERSONNEL  SAFETY 

1 '! 

I 

MSD  _ 

CHT 

t ■’ 

j 

Sheet  5 Qf  S ! . 

..  - 

SAFETY 

Characteristics 


Hazard  of  electrical  shock  potential^  for  operator/ maintainor  of  MSD 
l - Likelihood  of  hazatd 

(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chance 

_ _ _ 

S ■ Severity  of  hazard 

(a)  No  resultant  injury, 

(b)  Results  in  injury  of  low  to  moderate  severity  requiring  first  aid  ot  limited 

medical  treatment. 

cj  Results  in  severe  Injury  or  death.  __  _ 

C * Hazard  correction 


(a)  Hazardous  situation  can  be  easily  corrected. 

(b)  Hazardous  situation  is  difficult  to  cortect. 
Hazardous  situation  cannot  be  corrected. 


Physical  hazards  associated  with  MSD  due  to  sharp  edge*^) 
L - Likelihood  of  hazard 


(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chance 

d}  _ Hl&hJ.£_Ukety 

S - Severity  of  hazard 


(a)  No  resultant  injury. 

(b)  Results  in  injury  of  low  to  moderate  severity  requiring  first  air  or  limited 

medical  treatment. 

c}^Results_in  severe^lnjm^ cr_death. _ „ 

C - Hazard  correction 


(a)  Hazardous  situation  can  be  easily  corrected. 

(b)  Hazardous  situation  is  difficult  to  correct, 

(c)  Hazardous  situation  cannot  be  corrected. 


(1)  Electric  shock  may  result  in  severe  bums  and/or  deathi  in  addition,  reaction  to  electric  shock  mey  oaiue  affected 

Individual  to  be  thrown  aside,  possibly  subjecting  him  to  severe  impact  injuries!  and/or  contact  with  sharge  edges /hot 
surfaces. 

(2)  Combined  effect  of  injury  due  to  sharp  edges/polnts  and  sewage  contamination  may  introduce  harmhsl  pathogens  into 

the  bloodstream  of  an  affected  individual. 


i 


M/E 

Factor/ 

SAFETY 

SAFETY 

Attribute  Data 

1 

i 

Subfaotor 
Ident.  No. 

Characteristics 

Collect.  /Transp, 
Subsystem 

Treat,  /Disposal 
Subsystem 

1 

i 

82 

Physical  hazards  associated  with  MSD  due  to  hot  surfacej 

L - Likelihood  of  hazard 

(a)  No  chance 

(b)  Highly  unlikely 

(o)  Fair  to  even  chance 
(d)  Highly  likely 

A 

a 

! 

i 

| 

S • Severity  of  hazard 

(a)  No  reiulunt  Injury. 

(b)  Reiulti  in  injury  of  low  to  moderate  icverity  requiring  first  aid  or  limited 

medical  treatment. 

(c)  Results  in  severe  injury  or  death. 

a 

a 

| 

i 

j 

C • Hazard  correction 

(a)  Hazardous  situation  can  be  easily  corrected, 

(b)  Hazardous  situation  is  difficult  tc  correct. 

(c)  Hazardous  situation  cannot  be  corrected. 

a 

a 

S3 

Physical  hazard  for  milmniner  of  MSO  due  to  rotating  machinery 

L - Likelihood  of  hazard 

(a)  No  chance 

(b)  Highly  unlikely 

(c)  Fair  to  even  chance 

(d)  Highly  likely 

A 

b 

S - Severity  of  hazard 

(a)  No  resultant  injury, 

(b)  Results  in  Injury  of  low  to  moderato  severity  requiring  first  aid  or  limited 

medical  treatment 

(c)  Results  in  severe  injury  or  dead). 

a 

b 

C - Hazard  correction 

(a)  Hazardous  situation  can  be  easily  corrected. 

(b)  Hazardous  situation  is  difficult  to  correct, 

(c)  Hazardous  situation  cannot  be  corrected. 

A 

A 

I: 
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M/E  V - HABITABILITY 
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M/E 
Factor/ 
Subfactor 
Ident.  No. 

HABITABILITY 

Characteristics 

HABITABILITY 

Attribute  Data 

5 

Collect.  /Transp. 
Subsystem 

Treat. /Disposal 
Subsystem 

11 

Habitability  problemsf1 2)  associated  with  bacterial  contamination  due  to  MSD 
Inherent  design 

(a)  There  Is  no  bacterial  contamination  habitability  problem  due  to  MSD 

subsystem  Inherent  design  features. 

(b)  There  is  a bacterial  contamination  habitability  problem  due  to  MSD 

subsystem  Inherent  design  features. 

a 

a 

12 

Habitability  problems^  associated  with  bacterial  contamination  due  to 
procedural  errors/ equipment  failures  of  MSD^ 

.(a)  A bacterial  contamination  problem  due  to  procedural  errors/ equipment 
failures  of  MSD  subsystem  Is  highly  unlikely. 

(b)  Procedural  errors/ equipment  failures  of  MSD  subsystem  ate  likely  to  cause 
a bacterial  contamination  problem 

a 

a 

21 

MSD  fixture  comfort 

(a)  , Commodes  and  urinals  are  comfortable  and  easy  to  use  even  under  ship's 

motion. 

(b)  Commodes  and  utitmls  ate  not  comfortable  and  easy  to  use  under  ship's 

motion. 

a 

N/A 

22 

Flusliing  procedure  requirements  for  MSD  fixture 

(a)  There  ate  no  ''non-standard"  requirements  for  flushing. 

(b)  There  are  ’•non-standard"  requirements  for  flushing. 

A 

N/A 

23 

Waste  retention  In  MSD  commode  bowl 

(a)  The  amount  of  waste  that  remains  In  the  bowl  after  flushing  Is  less  than 
that  remaining  after  flushing  a standard  full  water  flushed  fixture. 

(i>)  The  amount  of  v/astu  tint  rumnlm  1 ■»  the  bowl  after  flushing  is  the  same 
as  that  remaining  after  flushing  a standard  full  water  flushed  fixture. 

(c)  The  amount  of  waste  that  remains  in  tho  bowl  after  flushing  is  more  than 
that  remaining  after  flushing  a standard  hill  water  flushed  fixture. 

b 

N/A 

(1)  As  distinguished  from  problems  of  health  and  safety  i likely  psychological  reactions  of  users  ate  a matter  for 

consideration. 

(2)  A vacuum  waste  collection  subsystem  is  less  likely  to  expose  personnel  to  sewage  in  case  of  a line  break  than  a 

pressurized  waste  collection  subsystem;  fresh  water  connections  to  MSD  subsystems  have  a potential  for  contaminating 
tho  vessel's  potable  water  supply. 


264 


HABITABILITY 


ChsrsctcriitJei 


Likelihood  of  user  contact  ' with  MSD  fixture  fluihlng  medium 

(a)  User  li  unlikely  to  come  Into  contact  with  flushing  medium. 

(b)  User  Is  more  likely  to  come  Into  contact  with  fluihlng  medium  then  with 

standard  water  flushed  fixture. 


Appearance  of  MSD  fixture  flushing  medium 

(a)  The  color  and  general  appearance  of  the  fluihlng  medium  is  os  acceptable 

at  clear  water. 

(b)  Th . color  and  general  appearance  of  the  flushing  medium  are  acceptable, 

but  clear  water  li  preferable. 

(c)  The  color  and  general  appearance  of  the  fluihlng  medium  are  not 


rayranon i 


Nolle  produced  in  fluihlng  MSD  fixture* 

(a)  The  nolle  produced  In  flushing  flxrurei  li  leu  than  that  of  a standard 

commode/urinal. 

(b)  The  notie  produced  in  flushing  fixturei  li  tins  same  at  that  of  a standard 

commcd  e/urinal, 

(c)  The  nolle  produced  in  fluihlng  fixtures  li  greater  Uinn  that  of  a standard 

commode/urinal. 


Odors  produced  at  a result  of  inherent  MSD  design 

(a;  The  MSD  aubiyitem  produces  no  odor  as  a result  oi  inherent  design. 

(bj  The  MSD  subsystem  produces  a noticeable  odor  as  s result  of  Inherent  design. 


32  Odori  produced  at  a result  of  procedural  errors/ equipment  failure!  of  MSD  (4) 

I (a)  Tire  MSD  subsystem  produces  no  odor  ai  a result  of  Procedural  errors/ 
equip  morn  failures. 

(b)  The  MSD  subsystem  produces  a noticeable  odor  si  a result  of  procedural 

erron/equlpinent  failures., jj b 

41  Heat  generation  fot  nearby  personnel^  due  to  Inherent  MSD  deiign 

(a)  As  a reiult  of  inherent  design  festures,  the  MSD  subsystem  duet  not  generstej 

enough  heat  to  render  Its  vicinity  hotter  than  most  ihipbotrd  areas 

containing  machinery,  4 * 

(b)  At  s result  of  inherent  deiign  features,  the  MSD  subsystem  does  generate 

enough  heat  to  render  Us  vicinity  hotter  than  most  shipboard  areas 
containing  machinery,  ■ __________  _____ 

fl)  Due  to  fluslUng  medium  composition,  fixture  design,  motion  of  vesael  (which  may  cause  splatter  splashing,  or 
spillage  of  flushing  medium). 

(2)  For  operator /inalntalncr /adjacent  berthing  and  working  areas. 


(3)  Low  intensity  odor  for  tanks;  "not  a bad  odor", 

(4)  In  the  event  leakage  occur. 


HABITABILITY 
Attribute  Data 


Treat.  /Disposal 
Subsystem 
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M/E 
Factor/ 
Subfactor 
Went.  No. 

HABITABILITY 

Chatactariitict 

HABITABILITY 

Attribute  Data 

Collect. /Ttansp, 
Subsystem 

Ttcat,  /Disposal 
Subsystem 

42 

Neat  generation  for  nearby  personnel*  ^ due  to  procedural  errors/ equipment 
failures  of  MSD. 

(a)  The  MSD  subsystem  does  not  generate  enough  heat  as  a result  of 

procedural  errors/ equipment  failures  to  render  its  vicinity  hotter  than 
most  shipboard  areas  containing  machinery, 

(b)  Tire  MSD  subsystem  does  generation  enough  heat  at  a result  of 

procedural  errors/ equipment  failures  to  tender  Its  vicinity  hotter  than 
most  shipboard  areas  containing  machinery. 

A 

A 

5 

Noise  level  for  personnel  In  vicinity  of  MSD^ 

N1  - Noise  index 

(a)  The  MSD  subsystem  it  silent  or  neatly  silent. 

(b)  Nolie  level  of  MSD  subsystem  Is  approximately  equal  to  background 

noise  level  of  vessel, 

(c)  The  MSD  subsystem  Is  very  laud,  produces  constant  noise,  drowns  out 

vessel  background  noise  In  Immediate  area  of  the  system;  must  shout 
to  be  heard. 

A 

A 

6 

Vibration  levels  fot  nearby  personnel^  produced  by  MSD  machinery 

VI  - Vibration  Index 

(a)  MSD  subsystem  produces  little  or  no  perceptible  vibration  In  addition  to 

background  level  on  vessel. 

(b)  M«f>  subsystem  produces  perceptible  vibration,  but  similar  to  vessel 

background, 

(c)  MSD  subsystem  produces  abnormal  or  disturbing  Intensity  and/ot 

frequency  of  vibration. 

A 

a 

7 

Effect  of  MSD  on  user  housekeeping  routines  (restrictions  on  user  imposed  by 
subsystem*). 

(a)  Subsystem  characteristics  do  not  impose  restrictions  on  user. 

(b)  Subsystem  characteristics  impose  restriction]  on  user. 

A 

A 

(1)  For  operatnr/malntainer/ adjacent  berth  and  working  area*. 

(8)  K,  g.  , Must  u»e  water-soluble  toilet  paper  which  it  not  at  comfortable  u uiual 
toilet  paper. 

. Mutt  ute  special  bowl  cleaner  which  it  lets  effective  than  utual  cleaner 
. Cannot  dump  detergent!  down  galley  link;  mint  ttore  and  off-loud  at  thore. 
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MSD  EFFECTIVENESS  ATTRIBUTE  DATA 


■ RELIABILITY 


Characterises 


MSD  complexity 

Complexity  index  of  MSD  subsystem  bated  on  a complexity  ranking  from 
1 to  S. 


Detent  of  MSD  equipment/component  redundancy^  ^ 

(a)  There  It  tome  significant  redundancy  in  the  MSD  subsystem's  major 

components. 

(b)  There  is  no  significant  redundancy  In  die  MSD  subsystem's  major 

components. 


(2) 

Degree  of  equipment  failure  Independence' 

(a)  There  la  a high  degree  of  equipment  failure  independence  in  MSD 

subsystem. 

(b)  There  Is  a moderate  degree  of  MSD  equipment  failure  independence  in 

MSD  tubayttom. 

(c)  There  it  a low  degree  of  equipment  failure  independence  in  MSD 

subsystem. 


Adequacy  of  MSD  equipment  ratings 

(a)  Most  MSD  subsystem  equipments  are  overrated, 

(b)  Some  MSD  subsystem  equipment  ratings  are  nominal,  tome  are  overrated, 
(o)  Some  MSD  subsystem  equipments  are  undetrated,  tome  are  nominally 

rated. 

(d)  Mott  MSD  subsystem  equipments  are  underrated, 


Provisions  for  fault  actuated  cut-off  mechanisms!1 2 3)  for  MSD  protection 

(a)  There  arc  many  fault  actuated  mechanisms  in  MSD  subsystem,  or  they  are 

not  required/4 * 6 7 8 9) 

(b)  There  are  tome  fault  actuated  mechanisms  In  MSD  subsystem, 

(c)  There  are  no  or  almost  no  fault  actuated  mechanisms  In  MSD  subsystem. 


Reliability  risk  for  MSDf5) 

(a)  MSD  subsystem  has  a history  of  fair  or  better  test  results. 

(b)  MSD  subsystem  has  a history  of  poor  teit  results. 


■aiiti 


1LX 


u-i  v/iinor 


Kirill 


RELIABILITY 
Attribute  Data 


(1)  Any  edundancy  In  electronic  circuitry  it  not  considered. 

(2)  I.e, , failure  of  one  item  will  not  result  in  failure  of  major  component  or  subsystem. 

(3)  Includes  mechanisms  to;  (1)  alert  opetatot/maintalner  to  high  stress  or  abnormal  conditions  that  will  result  in  failure, 

and/or  (ii)  to  correct  those  conditions  or  turn  off  equipment, 

(d)  E.g, , standard  commodes  and  urinals  iu  a gravity  drain  sewage  collection  subsystem  do  not  require  fault  at  cuated 
cut-off  mechanisms, 

(fi)  E,g,,  Innovative  design,  experience, 

(6)  Fixtures,  if  more  than  one, 

(7)  Pumps. 

(8)  If  compressed  ait  goes  off,  dlffhier  could  get  costed  sod  air  wilt  not  flow  again  until  diffuser  it  repaired. 

(9)  High  level  liquid  tonsori  extra  high  level  alarm.  267 
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M/E  VII  - MAINTAINABILITY 
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WE 
Factor/ 
Subfactor 
Went.  No. 

MAINTAINABILITY 

Characteristics 

MAINTAINABILITY 
Attribute  Data 

Collect,  /Tramp, 
Subsystem 

rteat.  /Disposal 
Subsystem 

131 

AooeMlbllity  of  replaceable  MSD  components 

(a)  High  degree  of  accessibility  in  MSD  subsystem  components. 

(b)  Moderate  degree  of  accessibility  in  MSD  subsystem  components. 

(c)  Low  degree  of  accessibility  in  MSD  subsystem  components. 

a 

(5) 

b 

132 

Extent  of  MSD  modularization  for  ease  of  repair /replacement 

(a)  High  degree  of  MSD  subsystem  modularization. 

(b)  Moderate  degree  of  MSD  subsystem  moduiadsadou. 

(o)  Low  degree  of  MSD  subsystem  modularization. 

a 

b 

133 

Degree  of  MSD  repoirabUlty  on  board  vessel, W 

(a)  All  MSD  subsystem  items  are  repairable  on  vessel. 

(b)  Some  MSD  subsystem  Items  arc  repairable  on  vessel:  some  must  bcreplaced. 

(c)  All  MSD  subsystem  Items  must  be  replaced. 

a 

a 

134 

Availability  of  manufacturer  field  support  and  training  programs  for  MSD 

(a)  Manufacturer  held  support  and  a training  program  is  available. 

(b)  Manufacturer  field  support!2)  is  available  but  no  training  program  t . 

available, 

(c)  Manufacturer  training  program  is  available  but  field  support  Is  not 

available, 

(d)  Neither  fluid  support  nor  training  program  arc  available  from  manufacturer. 

a 

a 

142 

Special/proprietary v item  requirements  fot  MSD  equipment  repair 

(a)  No  special  items  required  for  any  MSD  subsystem  re.salrs. 

(b)  Some  special  items  required  for  some  MSD  subsystem  repairs. 

(c)  All  Items  required  for  MSD  subsystem  tepairt  ate  special  itoms. 

0 

A 

23 

Effect  of  MSD  preventive  maintenance  on  watclutandet  routines 

(a)  No  effect  on  watchstander  routines/ ^ 

(1’)  There  is  some  effect  on  watchstander  toud.ies. 

a 

M 

33 

Special  docking  requirements  fot  MSD  overhauls 

(a)  Thcro  ore  no  special  docking  requirements  for  tire  MSD.  ^ 

(b)  there  are  special  docking  requirements  for  the  MSD. 

a 

a 

(1)  Versus  necessity  fot  replacement  of  failed  equipment. 

(2)  May  Include  Mine  limited  training  support  during  Initial  MSD  installation. 

(3)  E.g.,  Incinerates  jiots,  filters  vetsus  standard  supply  parts. 

(4)  E)y  C.G.  direction,  tills  applies  to  all  MSDs  considered  in  this  study. 

(0)  . Diffuser  not  very  accessible. 

. Level  sensor  pulls  out  easily. 
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Factor/ 
Subfactor 
[dent.  No. 


MAINTAINABILITY 


Characteristic! 


Sheet  2 of  2 

MAINTAINABILITY 

Attribute  Data 

Collect, /Tranip,  Treat, /Disposal 
Subsystem  Subsystem 


Logistic  requirements  for  MSD 

(a)  No  special  parts  are  required  for  the  MSD  subsystem. 

(b)  Few  different  categories  of  special  parts  are  required  for  the  MSD 

subsystem  and  there  are  few  parts  in  each  category. 

(c)  Few  different  categories  of  speolal  parts  are  required  for  the  MSD  ttbiystem 

but  many  parts  of  eacli  type  are  required,  or  many  dlffarent  categories  of 
speolal  parts  are  required  but  there  are  few  parts  In  each  category. 

(d)  Many  different  categories  of  parts  are  required  for  the  MSD  subsystem  and 

there  Is  a Urge  number  of  parts  In  each  category. 
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(Based  on  100"?.  I.'iiJliitiC'n  Factor) 
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PARIS  CONSUMED  T 3TAI 


MSD  MAJOR  OVERHAUL  CHARACTERISTICS  AND  COST 


Sar-e  tigures  used  for  black  and  yay  water  tanks. 

Since  overhaul  Information  was  not  available  from  manufacturer  for  all 
subsystems  and  capacities,  a 2 year  overhaul  interval  is  assumed  (or 
all  subsystems. 
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DEFINITIONS  OF  OPERATING/MAINTENANCE  ACTIVITIES 

The  definitions  of  operating  and  maintenance  activities  given  below 
will  help  provide  objectivity  in  selecting  the  category  Into  which  a personnel 
action  fits.  There  are  some  actions  however,  that  require  subjective 
judgment,  for  which  guidelines  are  given. 

Operation  (OP) 

There  are  two  groups  of  activities  in  this  category.  The  first  group 
is  necessary  for  system  operations;  such  as: 

. Manual  actuation  of  a switch  or  valve 

. Sequencing  of  subsystems  or  component  processes,  e.g., 
servicing  of  evaporator  when  full 

. Obtaining  readouts  to  assure  safety,  performance  or  sequencing 

. Addition  of  a critical  expendable  or  making  a critical  adjustment, 
without  which  action  some  function  does  not  take  place. 

The  second  group  is  necessary  to  have  the  system  perform  according 
to  minimum  criteria.  Without  these  actions  the  quantity  or  quality  of  the 
system  process  is  degraded,  e.g.  throughput  decreases  or  the  effluent  is 
not  purified  sufficiently,  The  criteria  for  these  activities  Is  that  failure  to 
do  them  will  cause  performance  degradation,  in  quantity  or  quality,  but  will 
not  cause  a greatly  accelerated  wear  out  or  failure  of  a component.  The  same 
type  of  activities  listed  for  the  first  group  would  apply  to  the  second  group 
except  that  the  activity  is  not  critical,  i.e.,  the  system  will  function,  but 
In  a degraded  mode.  One  example  is  the  removal  of  ashes  from  an  incinerator. 
Failure  to  remove  them  can  cause  air  pollution,  decreased  combustion 
efficiency  and  a rise  in  ash  accumulation  rate. 
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Preventive  Maintenance  (MP) 


Preventive  maintenance  Is  a scheduled  or  conditionally  scheduled 
action  that  is  designed  to  prevent  early  component  failure  or  unduly  rapid 
wear  out.  Failure  to  take  the  action  does  not  generally  affect  system 
performance,  e.g.  "Lubricate  motor  bearings 11 . The  motor  will 
continue  to  maintain  system  performance  for  some  period  of  time  even  with- 
out lubricant.  Early  bearing  failure  would  be  expected  because  of  the  omitted 
PM  action.  Preventive  maintenance  for  multiple  Items,  e.g.,  commodes, 
directs  the  action  to  all  of  the  Items. 

A conditional  action  is  a two  step  procedure,  whether  stated  as  such 
or  not,  where  the  second  step  depends  upon  the  condition  found  In  step  one. 
Example:  "Add  lubricating  oil  to  raise  level  up  to  scratch  mark,  once  a 
week."  Step  one  is  implied,  i.e.  once  a week,  chock  level  of  lubricating 
oil  and  step  two  is  the  oil  addition.  This  is  different  from  the  single  step 
example  above  since  no  examination  is  required  before  lubrication  of  the 
bearings.  Conditional  action  statements  often  use  the  phrase  "if  necessary", 
but  should  not  be  confused  with  combined  prove ntive/corirective  maintenance 
statements  discussed  below. 

Corrective  Maintenance  (CM) 

Corrective  maintenance  is  the  repair  or  replacement  of  a defective  or 
failed  component.  It  is  a random  occurrence  and  is  therefore  unscheduled. 

It  includes  diagnostic  time  to  locate  a fault  and  the  check  out  after  repair. 
Where  a CM  action  addresses  multiple  units,  e.g.,  commodes,  the  action 
is  concerned  only  with  the  one  failed  Item.  The  failure  interval  will  depend 
on  the  number  of  multiple  units. 

The  definition  of  failure  can  be  subjective,  arbitrary,  continously 
variable, functional  and/or  logical  based  upon  the  effects  of  degraded  per- 
formance. Whether  a failure  is  critical  or  of  minor  consequence  to  the  over- 
all system  may  help  determine  the  failure  criteria  and  establish  the  priority 
for  the  corrective  action  but  once  the  criteria  is  set,  it  alone  determines  if 
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the  action  is  corrective.  Example:  A nickel-cadmium  battery  in  an  alarm 
circuit  has  failed  when  the  open  circuit  voltage  drops  below  1,1  volts. 

This  is  the  criteria,  however  arbitrary  or  logical.  Even  though  the  battery 
could  still  actuate  the  alarm  buzzer  at  1.05  volts,  it  is  still  considered 
failed  below  1.1  volts. 

Confusion  often  arises  out  of  combined  preventive -corrective  main- 
tenance statements  which  should  be  kept  separate.  For  example:  "Check 
battery  voltage  quarterly  and  replace  with  recharged  battery  when  open  circuit 
voltage  is  below  1 .1  volts,"  Quarterly  battery  checks  are  preventive  mainte- 
nance actions.  Replacement  of  the  battery  is  the  corrective  maintenance  action. 

An  often  encountered  dilemma  that  requires  a subjective  decision  for 
classification  is  the  impending  failure  that  causes  performance  degradation 
during  a short  time  interval  before  component  failure.  Examples  are:  a 
slipping  V-belt  causing  decreased  pump  output,  an  unolled  rotary  vane 
vacuum  pump  pulling  a diminished  vacuum.  In  a short  time  the  belt  will 
break  and  the  vanes  will  freeze  up;  both  are  failures.  The  difficulty  in 
classifying  these  situations  is  anticipating  when  the  discovery  will  take 
place.  This  is  a problem  for  the  analyst  doing  a cost  estimate.  For  the 
on-site  personnel,  the  time  of  discovery  determines  the  type  of  action;  i.e., 

If  the  belt  Is  still  slipping  at  the  time  for  scheduled  belt  adjustment,  he 
performs  PM.  If  it  has  already  failed,  it  becomes  a CM  action.  If  discovery 
is  not  at  a scheduled  time,  belt  adjustment  could  be  considered  an  OP 
action. 

Overhaul  (OH) 

Overhaul  Is  a general  cleaning  and  refurbishment  of  a system.  It  has 
elements  of  both  preventive  and  corrective  maintenance  in  it.  It  is  scheduled, 
usually  at  Intervals  much  longer  than  any  preventive  maintenance  actions. 

It  permits  low  priority  corrective  actions  to  be  carried  out.  The  criteria  for 
replacements  are  often  different  or  have  different  values  than  for  corrective 
maintenance.  An  obvious  additional  criterion  is  the  question  of  a part  lasting 
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until  the  next  overhaul.  Overhaul  often  includes  diagnostic  examinations 
that  are  too  involved  or  require  too  much  equipment  to  be  performed  more 
frequently.  It  also  includes  upgrading  components  or  performance  capability 
by  substitution  of  improved  parts  or  modification  kits.  It  is  difficult  to 
anticipate  the  development  of  improvements  to  a system  and  therefore  none 
is  included  in  the  estimates. 

Reolasslflcatlon/Subjectlve  Classification  of  PM  and  OP 

Frequency  of  an  action  may  be  sufficient  reason  for  reclassification. 
Dally  preventive  maintenance  (PM)  actions  could  reasonably  be  called 
operational  (OP)  activities.  One  example  is  the  daily  lubrication  of  a 
plastic  cam  and  follower  In  the  Grumman  system  ozone  detector.  Failure 
to  do  so  will  cause  accelerated  wear  out  which  ordinarily  would  be  a PM 
action. 

An  example  of  the  reverse  situation  is  the  low  frequency  of  adjustment 
(e.g,,  semi-annual)  of  the  temperature  control  set  point  for  an  incinerator. 
Too  low  a temperature  would  degrade  system  performance,  an  OP  action. 
Because  the  frequency  is  so  low,  the  action  could  reasonably  be  classified 
as  PM.  Classification  of  activities  with  intermediate  frequencies  will 
require  subjective  decisions. 

Another  reason  for  changing  PM  to  OF  is  that  the  action  is  dependent 
upon  component  operational  status  e.g.  the  incinerator  must  be  off  and  cool 
or  the  evaporator  must  have  just  been  emptied.  The  action  Is  not  critical 
enough  to  shut  down  the  Incinerator  or  empty  the  evaporator  but  can  await 
a suitable  operational  status. 
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COST  OF  VESSEL  RESOURCES 

The  resources  of  a vessel  are  those  supplies  that  are  stored  or 
generated  for  general  use.  Of  all  resources  that  are  or  might  be  available 
on  board,  this  analysis  is  concerned  only  with  those  that  are  required  by 
the  MSDs,  namely: 

. Fuel  oil 
. Electric  power 
. Fresh  water 
. Compressed  air 
, Ventilation  air 

. Cooling  water 

The  costs  that  were  assigned  to  these  resources  by  the  Coast 
Guard  are: 

. Fuel  oil  - 3(K  per  gallon 

. Electric  power  - por  kilowatt-hour.  This  is  derived  from  a 
fuel  consumption  rate  of  0.075  gals/kw-hr  for  electric  power 
generation.  This  rate  is  based  on  data  for  diesel  driven  generator 
sets  with  rated  output  of  200-400  kilowatts,  at  1800  RPM,  direct- 
connected,  450  volt,  3 phase,  60  cycle  A. C.  generators,1  This 
does  not  include  the  cost  of  acquisition,  installation,  mainte- 
nance, labor,  depreciation,  etc. 


" Marine  Engineering,  " edited  by  Roy  L.  Harrington,  Society  of  Naval 
Architects  and  Marine  Engineers,  1971,  pg.  611,  figure  2, 
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Fresh  water 


7(K/1000  gallons  when  using  stored  water  supplied  by 
shore  facilities  .* 


$20/1000  gallons  (2b/gallon)  when  generated  on  board  by 
2 

an  evaporator. 
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Power  consumed  in  pumping  of  water  - F = 0.0007314  pq,  where 


! i 


P Is  power  in  kilowatts 


p Is  pressure  in  pslg  and  Is 
to  be  assumed  as  50  pslg 
for  flushing  commodes 


1 4 


q is  flow  in  gpm 

0 , 142  9 

Power  consumed  in  compression  of  air  - P « 0.492592  (r  ’ -11,  where 

p Is  power  in  kilowatts 


Vjls  Inlet  flow  in  CFM 


r Is  the  compression  ratio 


i ■! 


Following  data  obtained  from  LCDR  Wilkinson,  Public  Works  Officer  at 
3rd  Coast  Guard  District,  and  City  of  New  York.  Based  on  water  rate 
charged  by  City  of  Now  York  for  commercial  customers  (i.e.,  Governors 
Island) . ^ 

$0,525/100  ft3  x v V — = $0.0007018/gai 


7,48  gal 


Based  on  data  obtained  from  Mr,  Warren  Dietz,  Naval  Engineering  at 
CG  Headquarters. 
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Power  Consumption  and  Associated  Cost  of  Pumping  Flush  Fluid 


The  power  and  cost  of  pumping  flush  medium  Is  derived  in  the  follow- 
ing manner.  The  power  required  for  pumping  water  is: 


pq 


1 

d Err 


746 


1714  Ep  Em 


where:  P * power  in  kilowatts 

p = head  in  psi 

q - volume  flow  rate  in  gpm 
0.746  = conversion  factor  from  hp 
to  kw 

1714  = conversion  factor  for  units 
Ep  = pump  efficiency  in  decimal 
Em  = motor  efficiency  in  decimal 


Assuming  Ep  =0.70 
Em  =0.85 


P = 0.0007314 


kw 

psi  x gpm 


(P  Q) 


This  equation  Is  converted  for  convenience  in  calculation  to: 
P - 0.0007314*  50(psi)  (q)  fefrj 


kwh 

E * 0.0006095  — r~  x Q where  E = energy  in  kilowatt  hours  per  day 
gal 

0 = flow  in  gallons  per  day  = 

q x 1440  min 
day 


The  cost  to  pump  flush  water  is: 


„ „ kwh  36  1000 

E « 0.0006095  r~  x -r — r-  x n~*~  — r x Q 

gal  kwh  thousand 

C = 1 ,83d  (/1000  gal)  x Q1  where  C = cost  in  6 

Q'  = flow  in  thousands  of  gallons 


The  cost  of  three  cents  (36)  per  kilowatt  hour  Is  assumed  by  the  USCG 
for  both  vessel  generated  and  shore  supplied  electricity. 


1 


"Marine  Engineering,  " edited  by  Roy  L.  Harrington,  Society  of  Naval 
Architects  and  Marine  Engineers,  1971,  pg,  408,  equation  #17. 
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Power  Consumption  and  Associated  Cost  of  Compressed  Air 

The  power  and  cost  of  generating  compressed  air  is  derived  In  the 
following  manner.  The  equation  for  adiabatic  compression  in  a multi- 
stage compressor  with  perfect  intercooling  is:^ 


* 33,000 

where:  P 

n 
k 


<ni  (h)  a v>  [ r(w) 


0.746 
Ec  Em 


P * power  in  kilowatts 

n = # of  stages 

k * exponent  for  adiabatic  compression  = 1.4  for  air 

PI  «■  Initial  pressure  in  psla 
r = compression  ratio  = P2/pl 

P2  = discharge  pressure  in  psla 

= actual  volume  flow  rate  at  p,  in  cfm 
0.746  = conversion  factor  from  hp  to\w 

Ec  = compressor  efficiency  In  decimal 

Em  = motor  efficiency  in  decimal 


Assuming: 


= 2 stages 
* 1.4 

= 14.7  psi  (standard  atmosphere  pressure) 
= 0.80 
= 0.85 


P = 0.492592  Vj  [r  °'  1429-  1 1 

This  equation  is  converted  Into  more  convenient  forms  by  using  the 
two  relationships: 


V : 

1 1440  min 


where  V *»  standard  cubic  feet 
per  day  (SCF/day) 


1 /absolute 


P + 14.7 

14.7  where  p = gage  pressure  (psig) 


r°‘1429-l)  = 


p + 14. 7\  0.1429  .1  [~(P  ± 14. 7)0, 1429  - 1,46828 

“ 14 .7  j ” 1.46828 


"Marine  Engineering,  " edited  by  Roy  L.  Harrington,  Society  of  Naval 
Architects  and  Marine  Engineers,  1971,  pg.  440-444  . 


By  substitution: 


P = 0.492  592^ 


0 1429 

(p  + 14.7)  - 1,46828 

1.46828 


P = 


2.329786xl0"4  (p  + 14. y)0*1429  _ 3 ,420778xl0‘4 


V 


Using  the  assumed  cost  of  electricity  as  3^/kwh,  the  annual  cost  of 
compressed  air  is  derived. 


C = P (kw)  x 


3$ 

kwh 


x 365 


day 

year 


x 24 


hi_ 

day 


■ P (kw)  x 2.6280  x 10 


S “ 6. 


12268  (14.7  + P) 


0.1429 


8 .9898 


where  C = cost  in  C/year 
V ■ flow  in  SCP/day 
p -•  pressure  in  psig 


For  compressed  air  costs  in  aerating  a black  water  holding  tank,  the  gage 
pressure  in  psig  is  taken  as  0.434D  where  D is  the  maximum  vertical  depth 
of  the  liquid  in  feet,  and  the  flow  is  16.3  SCFM  (23,  472  SCF/day)  per 
1000  gallons  measured  when  the  holding  tank  is  full. 
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